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FOREWORD 


This document is a part of the final report on a "Study of the Influence of Size of a 
Manned Lifting Body Entry Vehicle on Research Potential and Cost," conducted by 
the Martin Marietta Corporation, Baltimore Division, for the National Aeronautics 
and Space Administration, Langley Research Center, under Contract NAS 1-6209 
dated April 1966. The final report is presented in eight parts: 


I. 

Summary 

CR-66352 

II. 

Research Program Experiments 

CR-66353 

III. 

Flight Performance 

CR-66354 

IV. 

Candidate Entry Vehicle Designs 

CR-66355 

V. 

Systems Integration 

CR-66356 

VI. 

Research Vehicle Size Selection and Program Definition 

CR-66357 

VII. 

Selected Entry Vehicle Design 

CR-66358 

VIII. 

Alternative Approaches 

CR-66359 


The study was managed at Martin Marietta by: 


Robert L. Lohman — Study Manager 
Rudolph C. Haefeli — Assistant Study Manager 

<o 

The principal contributors to the study were James 
Ray Sorrell and James Vaeth; Mr. Louis Sheldahl also 
to the study as Study Manager during the first quarter. 





McCown, Robert- Schwab , 
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ABSTRACT (Total Study) 

This study presents data — based upon a developed logic, 
task definitions, vehicle criteria, system analyses and design, 
and concepts of operation and implementation — with which 
the usefulness and cost of an entry flight research program 
can be evaluated. 

The study defines 52 specific research tasks of value in 
developing operational lifting body systems, primarily for 
near-earth missions. Parametric design and performance data 
are evolved within a matrix of 5 vehicle sizes (with 1, 2, 4, 6 
and 8 men) and 4 boosters (GLV, Titan III— 2, Titan III— 5 
and Saturn IB) for all flight phases, from launch to landing. 
The design studies include vehicle arrangements, weight, 
aerodynamic heating and subsystem details. Systems inte- 
gration analyses yield both design data, subsystem tradeoffs, 
and development and operations plans; and they lead, in turn, 
to cost effectiveness analyses which become the primary basis 
for vehicle and program selection. 

A 25-foot long, 3-man vehicle weighing 12,342 pounds 
is selected for a research program of 9 manned (plus 2 un- 
manned) flights. This vehicle performs the maximum number 
of tasks and affords the highest research value per unit cost 
and the lowest cost per unit of payload in orbit; the estimated 
program cost is $1 billion. A detailed preliminary design of 
this vehicle is accomplished, including layout drawings and 
descriptions of each subsystem to identify available hardware 
as well as future options. Modifications for secondary research 
objectives — rendezvous and docking and supercircular entry 
— are considered. 

The study also includes a brief examination of 2 smaller 
unmanned vehicles as alternate approaches to reduce cost. 
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SUMMARY 


This part presents the operations analysis done in support of NASA Contract 
NAS-1 -6209 entitled "Study of the Influence of Size of a Manned Lifting Body 
Entry Vehicle on Research Potential and Project Cost." 

The developed value and cost assessments combined with other pertinent 
considerations form the basis for selecting the entry vehicle size designated 
D/3, and a research plan of 11 flights. The designation D/3 stands for a 
particular entry vehicle, 25 feet (7.6 m) in length, with internal volume suf- 
ficient for a crew of six but equipped for three crewmen on the research flights. 

The selected D/3 vehicle and 11 -flight program provides capability to 
carry out 50 of the 52 candidate research tasks defined in this study. Research 
task loading on the series of 11 flights results in full utilization of crew capa- 
bility and provides an average of 376 pounds (170 kg) of allocated experiment 
weight unused and available for possible weight growth or new experiments. 

Of all the candidate designs analyzed, the D/3 vehicle exhibits the highest 
research value per unit cost, the maximum number of tasks assigned, and the 
lowest cost per unit of payload weight in orbit. 

Two special flight loading models, developed for this study, are used to 
evaluate the research potential of the candidate vehicle design and flight plan 
combinations. One model is completely automated by a linear programming 
technique with an auxiliary input generator. 

Cost estimates of candidate vehicle and program combinations were com- 
puted using the Martin Marietta Space System Cost Model which relates data 
from similar historical systems to produce program cost estimates. Final 
selected D/3 vehicle costs for both a 7- and an 11 -flight program were com- 
puted by the Martin Marietta Coincident Cost Model to provide a detailed 
program and subsystem breakout and fiscal funding requirements. The total 
costs of 7- and 11 -flight programs were estimated at $853 million and $1003 
million, respectively. 

The D/3 vehicle is also evaluated qualitatively with respect to considera- 
tions of landing visibility, experiment packing density, supercircular entry 
capability, rendezvous and docking adaptability, and operational adaptability. 
The D/3 vehicle meets these criteria satisfactorily. 
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I. INTRODUCTION 


This part of the final report on a "Study of the Influence of Size of a 
Manned Lifting Body Entry Vehicle on Research Potential and Cost" discusses 
the cost and effectiveness analyses performed. The objectives of these anal- 
yses were as follows: 

(1) Enable assessment of the influence of vehicle size and crew size 
on capability for performing entry research. 

(2) Provide the basis for selection of the optimum size vehicle and 
crew. 

(3) Provide the basis for selection of the optimum flight plan. 

(4) Provide realistic, detailed cost estimates for the recommended 
vehicle and research program. 

The overall study approach was implemented in four basic phases encom- 
passing a number of study tasks as shown in figure 1. These phases are: 

Phase I- -Problem Definition 

Phase II--Flight Vehicle Selection 

Phase III --Flight Vehicle Design 

Phase IV- -Program Selection 

Phase I consisted of definition of (1) research tasks, (2) candidate flight 
vehicle configurations, and (3) candidate flight programs. These efforts are 
reported in Parts II, IV, and V, respectively. 

In Phase II, a cost/effectiveness analyses coupled with selected "other 
considerations" was used to select the preferred entry vehicle and crew size. 
Effectiveness was measured in terms of the "value of research performed. " 
This required the establishment of a numerical value for each research task 
and the identification of flight loading constraints. A heuristic flight loading 
model was then used to optimize the value of each vehicle/crew size-flight 
program size combination. A computerized flight loading model was used to 
check the results of the heuristic analysis. An existing cost model was modi- 
fied to aid in the computation of the total program costs for each vehicle /pro- 
gram combination. 

Phase IE consisted of defining the selected entry vehicle design in detail. 
The results of this phase are reported in Part VII. 

In Phase IV, Program Selection, a value sensitivity analysis was made, 
which required the use of the flight loading computer program. The compu- 
terized flight loading model was used to develop data required to justify the 
recommended flight plan. Phase IV also included the preparation of detailed 
cost estimates of the recommended research program for the selected vehicle. 
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FIGURE 1. METHODOLOGY USED IN THE OVERALL ANALYSES 













The methodology used in the vehicle selection process of Phase II consists 
of three principal steps: (1) establishment of inputs and constraints, (2) devel- 
ment of analytical tools, and (3) analysis of candidate systems including dis- 
play of results and final selection of vehicle /crew size. These steps are 
discussed in sections II, III, and IV of this part, respectively. Establishment 
of usable inputs required modification of the research value to account for 
probability of data acquisition and multiple assignment. Analytical tools 
developed for this study include both a heuristic and a computerized flight 
loading model, a special input generator program for the computerized model, 
and two cost analysis models especially chosen for costing of candidate and 
selected research programs. The heuristic model used the same inputs and 
constraints as those later applied to the computerized loading model, but 
loaded research tasks by manual "judgment 11 processes. Linear programming 
techniques were used for computerized loading. 

Five different entry vehicles sized for full crew complements of 1, 2, 4, 

6, and 8 in combination with various flight crew numbers were analyzed for 
several flight plans. Research values and costs of these candidate vehicles 
were then displayed and compared. The best vehicle /crew size was identified 
by the value /cost criteria and examined considering qualitative criteria and 
the final selection made. The selection process and results are found in 
section IV of this part. 

Selection of the optimum research program using the selected vehicle was 
then made and costs determined. The selection process is treated in section 
V and the costing results shown in section VI of this part. A detailed descrip- 
tion of development and operational plans is included in Part V. 
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II. INPUTS 


The vehicle size selection and program definition tasks depend upon data 
generated in other phases of the study. Generally, these data require no ad- 
justment or modification; e.g. , the equipment weight and crew capability to 
support research tasks. In other cases, the data must be adjusted to suit the 
analytical techniques employed. It is the purpose of this section to provide 
a focal point for data developed in other parts of the study, and to discuss the 
refinements and assumptions that were made. 


A. DEFINITION OF RESEARCH TASKS 


Fifty-two research tasks (experiments) are identified in Part II. Each of 
these tasks is assigned an alpha-numeric designation; e. g. , SM-1 identifies 
the first, although not necessarily highest valued, Structural-Mechanical 
research task. For purposes of the selection analyses, the identification of 
the research task and certain pertinent characteristics is required, while 
the particular nature of the research is not considered. 


1. Intrinsic Value 

Part II described the intrinsic value (i.e. , research worth) that was de- 
veloped using the psychophysical techniques of Pair Comparison and the Law 
of Comparative Judgment. The intrinsic values reported in Part II range 
from 1 to 237, and are a minor refinement upon initial values used in the 
selection analyses. The intrinsic values used in the selection analyses are 
reported in table 1 . 

The technique used to develop intrinsic research value, Vq, required 

arithmetic adjustment of the scale to result in positive worth for all tasks. 
This adjustment was made to equate the lowest valued task to unity. It is 
acknowledged that all tasks will yield positive results if completed but the 
geometric relationship of value between the most highly regarded and least 
highly regarded experiments is a matter of judgment. Because of the arbi- 
trary nature of the arithmetic adjustment, it is necessary to determine the 
sensitivity of the results to various alternative adjustments. 

Two alternative arithmetic adjustments were evaluated in comparison with 
the selected adjustment. The selected scale ranges from 1 to 245, and alter- 
natives selected for evaluation are 1:10. 4 and 1:3. 4 which were produced by 
increasing the least regarded experiment value by 10 percent and 40 percent 
of the highest value, respectively. The potential research value of the D/3 
vehicle in a five-flight program was determined with the flight loading model 
for each value scale. 

The task loadings for each of the analyses are presented in table 2. Two 
significant conclusions are apparent: (1) Only four experiment assignments 
are changed with only two of these cases changing the information value of 
the experiment; (2) the research value of the total program is shifted less 
than 0. 08 percent. 
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TABLE 1 


RESEARCH TASK CHARACTERISTICS 


Research 

task 

Intrinsic 

value 

Crew 

participation* 

Equipment weight 

lb 

kg 

SM-1 

244.8 

0 

0 

0 

FM-8 

223.2 

0 

20 

9 

FM-3 

222. 3 

.4 

0 

0 

FM-2 

222. 0 

. 5 

0 

0 

FM-7 

191. 5 

0 

0 

0 

FM-4 

154. 1 

0 

0 

0 

GN-4 

152. 5 

0 

100 

45 

GN-5 

150. 3 

.8 

100 

45 

FM-13 

146.8 

0 

0 

0 


146. 7 

. 3 

0 

0 


146.4 

0 

0 

0 


145.2 

.2 

0 

0 

FM-5 

144. 9 

0 

0 

0 

SM-6 

128. 8 

. 1 

50 

23 

SM-2 

128. 1 

0 

0 

0 

SM-8 

124. 1 

0 

0 

0 

FM-17 

123. 1 

. 3 

0 

0 

GN-6 

108. 3 

0 

75 

34 

FM-14 

102. 1 

0 

0 

0 

GN-2 

90. 8 

0 

0 

0 

SM-17 

86.4 

0 

0 

0 

SM-7 

86. 1 

0 

0 

0 

SM-5 

85. 2 

0 

10 

5 

SM-9 

81. 6 

. 3 

135 

62 

SM-3 

81. 1 

0 

10 

5 

GN-3 

79.6 

0 

50 

23 

FM-6 

79. 3 

.4 

250 

113 

FC-2 

75. 0 

. 1 

0 

0 


♦Fraction of one man' s time required for task completion during critical 
flight period. 
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TABLE 1. --Concluded 
RESEARCH TASK CHARACTERISTICS 


Research 

Intrinsic 

Crew 

Equipment weight 

task 

value 

participation* 

lb 

kg 

FM-12 

74.4 

0 

0 

0 

FC-3 

71.0 

. 1 

70 

32 

GN-7 

65.6 

0 

50 

23 

SM-14 

63. 5 

0 

35 

16 

FC-4 

63. 5 

. 1 

200 

91 

FM-15 

63. 1 

0 

15 

7 

PP-3 

62.8 

.4 

150 

68 

HF-2 

56.8 

0 

20 

9 

SM-10 

55. 9 

0 

0 

0 

SM-12 

55. 7 

0 

0 

0 

PP-2 

55.0 

.3 

0 

0 

SM-13 

44.7 

0 

0 

0 

PP-1 

43.4 

0 

0 

0 

SM-11 

40.0 

0 

0 

0 

SM-16 

34. 5 

0 

0 

0 

AV-2 

33.2 

.2 

40 

18 

HF-1 

31. 9 

. 7 

500 

226 

FM-16 

27.4 

0 

40 

18 

SM-15 

22. 7 

.8 

80 

36 

FM-9 

20.4 

0 

25 

11 

AV-1 

14. 7 

0 

0 

0 

FM-18 

12. 5 

. 5 

200 

91 

SM-18 

5. 1 

0 

300 

136 

FM-19 

1.0 

0 

0 

0 

Baseline tasks 
(must be 
assigned) 


. 7 




♦Fraction of one man' s time required for task completion during critical 
flight period. 
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TABLE 2 

SCALE SENSITIVITY ANALYSIS 


Basic value scale 
loading 
245:1 


Flights 


Adjusted value scale 
loading* 

10. 4:1 and 3. 4:1 


Differences 



Research task 


SM-1 


FM-8 


FM-2 


FM-7 


FM-13 


EV-2 


SM-6 


GN-1 


SM-2 


SM-8 


FM-14 


M-7 


FM-12 


SM-5 


SM-17 


SM-3 


M-9 


M-15 
PP-3 


GN-7 


SM-14 


HF-2 


SM-10 


SM-12 


SM-13 


PP-1 

SM-16 

AV-2 


SM-11 


FM-16 


SM-15 


Residual weight 

1030 

860 

545 

665 

765 

Residual crew 

- 

- 

D 

1. o 

. 9 

Value 

1227. 231 


1226. 323 


*X indicates deletion; 


• indicates addition 
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It is concluded that the decisions made in this study are not sensitive to 
arithmetic adjustment of the value scale. 


2. Resource Constraints 

Each candidate research vehicle has certain capabilities such as weight 
and volume available for research equipment, crew time and electrical power 
available to operate this equipment, and instrumentation capacity to measure 
and record significant parameters from each research task. These five 
capabilities are designated vehicle resources and of course the number of 
research tasks that can be carried in any one vehicle could be constrained by 
the amount of these resources available. The way these resources were con- 
sidered in this study is discussed below. 

It became evident early in the study that a large portion of the research 
measurements called for common instruments. Summing the instrumentation 
for a given set of research tasks can be accomplished by a computer program. 
However, the large number of flight loadings used in the tradeoff analyses 
prohibited the use of this technique. As a result, it was decided to include 
the instrumentation and signal conditioning weight as part of the basic entry 
vehicle, and allow enough channels to handle the heaviest experiment loading. 
This baseline weight was derived from the most densely loaded flight of a 
series of 11 as derived from a preliminary manual analysis. The number of 
channels for this case totaled 2000. 

The electrical requirements for powering research equipment determine 
the size of the battery for each flight. Battery size contributes to equipment 
weight, and this weight allowance for each task is combined with the primary 
equipment required for that task. 

Vehicle volumetric constraints are related to the equipment weight by 
density characteristics. Thus, the weight resource for vehicle equipment 
was constrained by conservative research equipment densities. 

Having adopted alternative techniques for the latter three qualities, the 
resource constraints utilized in assigning research tasks to entry vehicles 
are crew participation and equipment weight. 

The equipment weight was estimated by listing the major components for 
each task, the weights installed, and the equivalent battery weight. The 
equipment description and equivalent weights are given in Part II. Weight 
data are summarized for all the research tasks in table 1. 

The crew participation requirements for research tasks are reported in 
Part II. These constraints relate to 12 phases of the mission. The analytical 
techniques would become quite unwieldy if the crew requirements in all phases 
of flight are recognized as constraints. Fortunately, examination of the data 
indicates one phase during the entry period is consistently critical. The period 
from pullout (approximately 17.5 ksec in the mission) to 200 000 feet (approxi- 
mately 60 km) was selected as presenting the most severe crew constraint. 

The recommended flight program is examined later to ensure this constraint 
was indeed adequate. The selected crew requirement data are summarized for 
for all research tasks in table 1. 
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3. Research Value 


Value of a research task when loaded on a flight plan is determined by 
modifying the intrinsic value, as presented in table 1, by two modifiers: 

(1) informational value and (2) expectancy of obtaining informational value. 
The total value of an experiment, V., is expressed as a product of intrinsic 

3 

value, informational value, and the probability of obtaining information value: 


v 3 ■ v o£ [ v i] x [ p i] 

where 

Vq = intrinsic value 


[V ] = informational value: ratio of information obtained to maximum 
L J information obtainable 

[PjJ = probability of achieving Vj • 


Informational value, Vj, was established by a technical judgment technique 

which has some of the characteristics of information theory. Six categories 
of informational value were selected to aid computation since the exact expres- 
sion for Vj involves mathematical expression of variables beyond the scope 

of this study. The top category of Vj is set at unity and is obtained when loading 

a research task on the set of entry conditions estimated to yield maximum pos- 
sible information. These maxima are expressed in the research task descrip- 
tions in Part II. The bottom category was assigned a value of 0.45, a com- 
promise between 0. 3 and 0. 6 --the range of values in which test planners ap- 
pear to reject an experiment as not worth loading on a flight program. The 
middle four categories were estimated by allowing the gain in value from one 
category to the next higher equal to one-half the difference between unity and 
that first category value. This results in an approximate exponential set of 
values: 

Category 1 2 3 4 5 _6 

Vj 0.45 0.70 0.85 0.94 0.99 1.0 

Using the above value categories, the number of flights assigned was 
evenly distributed in each category. For example, a research task may give 
maximum value for six flights and a minimum value for one flight of a given 
entry condition, resulting in the following Vj scale: 

Category 1 2 3 4 5 6 

Vj 0.45 0.70 0.85 0.94 0.99 1.0 

No. of flights 1 2 3 4 5 6 
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In the above example, one flight would allow 45 percent of the potential value, 
three flights would yield 85 percent, and five flights would yield 99 percent; 
above six flights, the gain in information is negligible. Informational value, 

Vj, has been derived for each of the 52 research tasks and 8 baseline tasks. 

These inputs are listed in table 3 for all probable sets of flight conditions. 

The probability of achieving information value, Pj, expresses the proba- 
bility of acquiring research information on any given set of flights and is 
expressed as 

Pi - <P s ) n ' r (1-p/ 

where P is the probability of success for a task on one flight 
s 

n = number of flights in set 
r = number of failures. 

The term P is then the product of flight mission success (exclusive of the 
s ^ 

research task) and the probability of acquiring usable data from a research 
task on a single successful flight. The probability of success, P , was 

derived from the reliability goals established for a mission success of ap- 
proximately 0, 9 and data acquisition probabilities ranging from 0. 9 to 0. 99 de- 
pending on the experiment and entry environment. Values of P are listed in 

table 3. 


The total experiment value, V., was then obtained by summing the V T P T 

terms for all single, double, and triple (if significant) failure events and 
modifying by this sum. The following example is shown for a sequence 


of entry conditions A, B, C, and C in which P = 0. 85 and V T = 0. 45 for 

one B condition flight and 1.0 for one B plus one C flight. The example task 
is loaded on the B and first C conditions. Conditions A and B are prerequi- 
sites to C and must be successful before C condition can be programmed. 


Entry condition 

A 

B 

c 

C 

p r |p /' r(1 - p / 

V I 

P V 
*I V I 

No failures 

S 

s 

s 

s 

(0. 85; 

= 0. 522 

1.0 

0. 522 

Single failures 

S 

s 

F 

s 

(0. 85) 3 

(0. 15) = 0.092 

0.45 

0. 041 

Single failures 

s 

s 

s 

F 

(0.85) 3 

(0. 15) = 0.092 

1.0 

0. 092 

Double failure 

s 

s 

F 

F 

(0.85) 2 

(0. 15) 2 = 0.016 

0.45 

0. 007 


£ p i V I = 0.662 


V. = 0.662 V 
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BL-10 A 

BL-11 C + l[A,B] 

NOTES: *Required on 1st manned flight R * flight of refurbished entry vehicle 

N( ) 3 any combination of entry condition in parentheses for N flights 


| NA | 0.89 | 0.89 | 0, 89 | 

[ ] Except entry conditions in bracket 
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Total research value for a set of tasks loaded on an entry vehicle for a 
given flight plan is £ over j research tasks. 

4. Flight Loading Constraints 

It was found that many of the 52 research tasks were uniquely related by 
their requirement for prerequisite tasks, by requirements for complementary 
tasks (load with) or by the requirement to exclude certain task pairs (do not 
load with). Each task was examined for such constraints; table 4 lists the 
three constraining relationships for the 52 candidate tasks. These constraints 
were applied as each research task was loaded and were satisfied for the 
whole set of research tasks loaded on a flight plan. 


B. FLIGHT PLAN SELECTION 


The flight plan, in terms of entry conditions flown and the number of rep- 
etitions of each selected condition, is one of the major variables in the flight 
loading and research value analysis. Each research task value is dependent 
upon assignment to specific entry conditions defined in Part II and summarized 
in table 5. Clearly, the dependence of potential program value upon the se- 
lected sequence of flight entry conditions emphasizes the importance of 
selecting proper sequences for study. The sequence must include repetition 
in addition to multiplicity of conditions. In many instances, a small increase 
in the number of flights to which a given task is assigned will significantly 
increase the research value accrued. The assembly of a set of flight entry 
conditions is constrained by a set of prerequisites summarized below 
Clearly, the A and B conditions, representing unmanned flights, must precede 
all others. Additionally, the condition A, high velocity and altitude abort 
demonstration, is constrained to precede condition B, systems demonstration 
and heat shield qualification, because of the priority on crew safety and the 
simpler mission profile of condition A. 


Flight 

condition Prerequisite conditions 


A 

B 

C 

D 

E 

F 

G 

H 

I 

S 


None 

A 

A, B 
A, B, C 
A, B , C , D 
A, B, C 
A, B, C, F 
A, B, C 
A, B, C 
A, B, C, D 
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TABLE 4 


FLIGHT LOADING CONSTRAINTS 


Rank 

Research 

task 

Load 

with 

Do not 
load with 

Prerequisite 


SM-1 

n 




FM-8 





FM-3 





FM-2 




5 

FM-7 




6 

FM-4 

FM-3 


(3) FM-3 

7 

GN-4 



(1) GN-2 

8 

GN-5 

GN-4 

GN-1, GN-2 


9 

FM-13 

FM-2 



10 

GN-1 




11 

EV-2 

SM-8 



12 

FC-1 




13 

FM-5 



(3) FM-3 

14 

SM-6 




15 

SM-2 



(1) SM-1 

16 

SM-8 




17 

FM-17 




18 

GN-6 

GN-4 


(1) GN-2 

19 

FM-14 

FM-2 



20 

GN-2 



(1) GN-1 

21 

SM-17 




22 

SM-7 




23 

SM-5 




24 

SM-9 



(1) SM-1 

25 

SM-3 



(1) SM-1 

26 

GN-3 

GN-4 



27 

FM-6 



(3) FM-3 

28 

FC-2 


FC-1 

(4) FC-1 

29 

FM-12 




30 

FC-3 


FC-2 

(3) FC-1 

31 

GN-7 



(1) GN-1 

32 

SM-14 





Rank 

Research 

task 

Load 

with 

Do not 
load with 

Prerequisite 

33 

FC-4 


FC-2 

(4) FC-1 

34 

FM-15 




35 

PP-3 




36 

HF-2 




37 

SM-10 

SM-9 





Any(2) 



38 

SM-12 

SM-9 



39 

PP-2 



(4) FC-1 

40 

SM-13 




41 

PP-1 




42 

SM-11 

SM-9 



43 

SM-16 




44 

AV-2 








Any(5) 

45 

HF-1 



except A, B 

46 

FM-16 




47 

SM-15 




48 

FM-9 




49 

AV-1 




50 

FM-18 



(4) FC-1 

51 

SM-18 



(4) FC-1 

52 

RM-19 



(4) FC-1 


PP-6 





SM-1 9 




Base- 

EV-1 




line 

FM-1 




tasks 






FM-20 





BL-4 





BL-10 





BL-11 





Values in parentheses indicate number of 
flights in which experiment is loaded. 
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TABLE 5 

FLIGHT CONDITION SUMMARY- -FINAL GUIDANCE SCHEME 
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Launch 
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3 § 

O CD 
X 0> 

3H 

65.8 

CO 

65.8 

65.8 

65.8 
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CO 

CO 

CO 

CO 

<n 

Launcl 

Number 

of 

orbits 

* c 
■!j 

X. s 

wW 

co 

CO 

CO 

eo 

CM 

- 

CO 

CO 

CO 

3. 

X 

a 

6 

B 

•a* 

Mw/ m 

1.13 

CM 

in 

CO 

m 

1. 52 

1.45 

1.13 

2.01 

2.22 

1. 25 

o 

© 

in" 

o 

V 

Q> 

CM 

a 

n 

100 

134 

46. 5 

134 

128 

100 

177 

195 

110 

440 

0 

cT 

w 

c 

o 

CM 

O 

, 068 

CM 

.098 

. 123 

.155 

— 

.083 

o 

o 

00 

00 

o 

.066 

860" 

CM 

3 

n 
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o 

o 

o 
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o 
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CM 

O 
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O 

O 

CM 

M 1 
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O 
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M 1 
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CM 

in 

00 

o 

M* 

O 

e- 

© 

r- 

M* 

o 

CO 

03 

m 

© 

CM 

CM 

V 


B 

6720 

5470 
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6750 

4600 
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2250 

3200 

2280 

V 

hi 
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463 
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Crew 

status 

Not 
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3 T3 
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o 

o 

12. 5 

<d) 
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(re- 
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roll 

mod- 
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© 
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3 

(d) 

(d) 

approach 
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75 
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max. 
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angle, 
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03 

C- 

a 
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m 
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Description of flight 
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Heat shield qualifica- 
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Maximum heating, 
maximum downrange 
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High crossrange 
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maximum air loads, 
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x: 

hp 

X 

3 oj 
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5 5 
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(a) Based on a nose radius of 1 foot (0.305 m) «> See Part V, Section B. 2 of this report for details 

(b) Hypersonic viscous value. Specific experiments require modulation (e) These flight conditions identical except that B condition is unmanned flight, 

around this L / D 

(c) Data are for roll modulated constant altitude entries 




Entry condition C, the nominal entry (manned), is designated as a pre- 
requisite to all other types of manned flight conditions. Also, high heating 
condition D will precede the maximum heating condition E, and medium cross- 
range condition F must be demonstrated before attempting the maximum 
crossrange condition G. Because of the high total heating involved in the syn- 
ergetic maneuver (condition S), flight condition D is established as a prere- 
quisite. 

The number of flights assigned to each flight condition (repetition) within 
a given flight program size (total number of flights) has been derived by 
examination of the intrinsic value and informational value of research tasks 
associated with each entry condition. No additional informational value is 
given for more than one A and one B entry condition. Therefore, only one A 
and one B condition are planned. Flight condition C is a prerequisite for all 
other manned flights so at least one C condition flight is necessary. Condi- 
tions F and G are required for many high value research tasks and are as- 
signed to the smallest flight program. (The larger flight plans can accom- 
modate flight conditions linked to lower research tasks. ) Combinations of 
entry conditions were selected to yield the highest ultimate research value. 

Flight plans constructed for a range of 4 to 22 flights are shown in table 6 
and are the basis for flight plan size tradeoffs. The 5-, 7-, 11-, and 15- 
flight plans were specifically selected from this listing for research value 
analysis. 


TABLE 6 

FLIGHT PLANNING SELECTION CHART 


Number 

of 

Entry condition 

flights 

A 

B 

C 

D 

E 

F 

G 

H 

I 

S 

4 

1 

1 

1 



1 





5 

1 

1 

2 



1 

1 




6 

1 

1 

1 



1 

1 




7 

1 

1 

2 



2 

1 




8 

1 

1 

2 



2 

1 


1 


9 

1 

1 

2 



2 

2 


1 


10 

1 

1 

2 



3 

2 


1 


11 

1 

1 

2 



3 

3 


1 


12 

1 

1 

2 



3 

3 


2 


13 

1 

1 

2 

1 


3 

3 


2 


14 

1 

1 

2 

1 


3 

3 

1 

2 


15 

1 

1 

2 

1 


3 

3 

1 

2 


16 

1 

1 

2 

1 


3 

3 

2 

2 

1 

17 

1 

1 

2 

1 


3 

3 

2 

2 

1 

18 

1 

1 

2 

1 


3 

3 

2 

2 

2 

19 

1 

1 

2 

1 


4 

3 

2 

2 

2 

20 

1 

1 

3 

1 


4 

3 

2 

3 

2 

21 

1 

1 

3 

1 


4 

4 

2 

3 

2 

22 

1 

1 

3 

1 


4 

4 

3 

3 

2 
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C. CANDIDATE SYSTEMS 


Evaluation of HL-10 research value and cost as a function of size was pred- 
icated upon five vehicle designs sized for full crew complements of 1, 2, 4, 

6, and 8 men. These vehicles were designated A, B, C, D, and E, respec- 
tively, and considered for both full and reduced crew complements. 

Two resources were previously reported as constraints in the research 
task assignment. The quantitative availability of these resources in each 
candidate design is indicated in table 7. 

TABLE 7 

CANDIDATE DESIGN RESOURCES 


Weight available for research, lb (kg) 


Crew complement 

Vehicle designation 

A 

B 

C 

D 

E 

Full crew complement 

1 

2 

4 

6 

8 

1 

170 

(77) 

645 

(292) 

1530 

(694) 

1665 

(755) 

1620 

(735) 

2 

- 

135 

(61) 

1020 

(462) 

1325 

(601) 

1280 

(580) 

3 

- 

- 

510 

(231) 

1075 

(487) 

1025 

(464) 

4 

- 

- 

0 

811 

(368) 

750 

(340) 

5 

- 

- 

- 

528 

(239) 

482 

(218) 

6 

- 

- 

- 

0 

240 

(109) 

7 

- 

- 

- 

- 

80 

(36) 

8 

- 

- 

- 

- 

0 


I 

I 

I 

I 


Selection of Candidates 


It is highly desirable to limit the candidate designs to those entry vehicles 
in table 8 that will exhibit desirable qualities in the selection analyses. De- 
signs can be excluded because inadequate weight and crew resources are 
available. Considering that 0. 7 of a man second/second is required for the 
basic tasks, the crew resource for research experiments corresponds to the 
crew complement reduced by this basic task requirement. 
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All of the potential A and B size vehicle candidates are included in the 
analysis. The one-man and full- crew complements in the C and D size ve- 
hicles are eliminated due to the disproportionate resources; i. e. , on the full- 
crew complement no research equipment is allowed. The two-man crew com- 
plement in the D size vehicle was eliminated for a similar reason. The E 
size vehicle offers consistently less equipment weight capability than the D 
size vehicle and, therefore, the three- and five-man crew complements were 
selected as being representative. The validity of excluding the D size vehicle 
with a two-man crew complement was subsequently confirmed and is discussed 
later. 

Each candidate design is denoted by a letter and number indicating the ve- 
hicle size and crew complement, respectively. Thus, a B/l designation cor- 
responds to a B size vehicle (full complement of two men) and a crew of one. 
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III. TECHNIQUES UTILIZED 


The research potential of candidate vehicle design and flight plan combina- 
tions was evaluated, early in the study, by a manual, analytical technique 
(heuristic) --later, by a combination of two computer programs. An auxiliary 
input generator program was used to identify alternative assignments for each 
task and provide inputs to a flight loading model with linear programming. 

The heuristic and computer techniques used identical input information: re- 
search tasks and intrinsic value, selected flight plans, and candidate entry 
vehicle /crew combinations. 

Cost estimates for vehicle design and flight plan combinations were ob- 
tained using the existing Martin Marietta Space Systems Cost Model (SSCOM). 
When the D/3 vehicle had been selected, the Martin Marietta Coincident Cost 
Model (COCOM) was used to provide more detailed cost breakdowns. 


A. HEURISTIC ANALYSIS 


A manual technique of loading research tasks on given flight plans to yield 
maximum research value was initially developed to provide checkpoints for 
later automated computation and to gain advance knowledge on tradeoff trends. 
The research value produced by various combinations of entry vehicle sizes, 
crew sizes, and flight plans was obtained by this analytical technique. This 
analysis is termed heuristic since judgment is exercised in fitting tasks within 
fixed vehicle resources (weight and crew) for highest output. 


1. Entry Vehicle Resources Available 

Available crew and weight for research are the resources used in the 
heuristic analysis. These resources, discussed previously, were assigned 
to 10 vehicle size/crew size combinations. Crew available for research was 
reduced by 0. 7 to account for basic mission tasks exclusive of research. The 
resulting weights and crew sizes available for research are given in Table 8. 

TABLE 8 

RESOURCES AVAILABLE FOR RESEARCH 




Resources available for research 



Weight, 


size 

Crew 

lb 

kg 

Crew 

A 

1 

170 

77 

0.3 

B 


645 

293 

0.3 

2 

135 

61 

1. 3 


2 

1020 

462 

1 . 0 


3 

510 

231 

2. 3 


3 

1075 

487 

2. 3 

D 

4 

811 

368 

3. 3 


5 

528 

240 

4. 3 

E 

3 

1025 

464 

2. 3 

5 

482 

219 

4. 3 
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FIGURE 2. PROCEDURE FOR HEURISTIC FLIGHT LOADING ANALYSES 


A description of each step of the procedure is related below using a 15- 
flight program as an example: 

Step 1 : Select flight plan and sequence of entry conditions. - The sequence 

of entry conditions for the flight plan was entered as columns of a matrix for- 
mat as shown in table 9. 

Step 2 : List candidate research tasks in descending order of value .- Re- 

search tasks were listed as rows of the matrix in table 9 in descending order 
of intrinsic value. This value ranking permitted systematic loading of the re- 
search tasks. 
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Step 3: List weight and crew available in candidate entry vehicles. Re- 
search equipment weight and crew size available on each of 10 selected ve- 
hicle size /crew size combinations were set up as columns in the right-hand 
side of the matrix (table 9). 

Step 4; Load research tasks on flight plan. - This step required the most 
extensive judgment of any step in the heuristic analysis. Utilizing the infor- 
mation value versus entry condition chart (table 3) as a guide, research tasks 
were assigned to appropriate entry conditions. The loading constraints of 
table 4 were checked as each task was loaded to assure that no constraint was 
violated. This turns out to be an iterative process for the more complex con- 
straints. Each task loaded in the matrix was entered as (weight/crew) re- 
quired. As an example. Task FM-7 attains an information value of 0. 99 on 
one B and five total C and F entry conditions. Since this task is not con- 
strained by loading it was assigned to flights 2, 3, 4, 6, 7 and 8 or 1-B, 2-C 
and 3-F conditions. Task FM-8 is constrained to be conjunctive with Task 
FM-7, so it was loaded on the same flights of that task. This technique was 
followed until all tasks were assigned. Where multiple choices were avail- 
able, the tasks were assigned such that accumulated research weight and crew 
utilization were more evenly distributed among the flights. 

Step 5: Compute £ [Vj] [PJ for each task. - Truth tables showing all pos- 
sible combinations of zero, single, double and triple failures were set up for 
each task and the term Pj was computed by the expression Pj = Pg r (1 - Pg) r . 
The appropriate Vj term was selected from table 3 and the EPjVj term com- 
puted. The £ P T V T and V n CP T V T terms were then entered in the last two 
l ft l i h 

columns of table 9. The sample computation for Task FM-8 is shown in 
table 10. 

Step 6; Load research tasks by descending value . - The objective of this 
step is to select a set of research tasks which fits within the weight and crew 
resource constraints and which yields maximum value Vj. This was accom- 
plished by taking the tasks as loaded by step 5 and, by descending value, re- 
loading them into the weight and crew resources available for each entry ve- 
hicle/crew size combination. The first operation was to load all candidate 
tasks listed in the loading matrix of table 9 which have zero weight and crew 
requirements. Next, tasks requiring crew and/or weight were loaded. In 
general, tasks of high value and low resources required were loaded first, 
and tasks of low value and high resource requirements were loaded last. 

A final tradeoff was made between flight assignment and resources used in 
order to obtain better utilization of weight and crew and possibly increase 
value by permitting the inclusion of one additional experiment. 

Step 7: Compute and sum up total value for each entry vehicle. - This 

step obtained the total research value potential of the 10 candidate vehicle / 
crew sizes. The V n £P T V T values for the task checked in the resource 
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TABLE 9. - -Concluded 

HEURISTIC ANALYSIS MATRIX FOR 15-FLIGHT PLAN 
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* For metric equivalents see table 11 
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triple failures 




loading matrix (right-hand side of table 9) were summed for each vehicle/ 
crew size combination and entered at the bottom of the resource loading 
matrix. 

Total resources utilized for the research tasks loaded on the 15-flight 
plan are shown in table 11. 


B. INPUT GENERATOR PROGRAM 


Mechanization of the flight loading model discussed later maximizes the 
potential research value by assignment of alternative tasks. In order to 
achieve a true maximum, all alternative assignments must be identified for 
each task. Manual identification of all alternatives would be a formidable 
undertaking; e. g. , an 11-flight program input to the computerized flight load- 
ing model consists of 5655 identified alternative assignments. To ensure 
identification of each alternative assignment, eliminate errors, and reduce 
the evaluation time, an auxiliary computer program was prepared to gener- 
ate input data for the flight loading model. 


1. Generator Program Inputs 


This input generator program utilizes two categories of information: one 
involves data contained in the source program, the second comprises data en- 
tered at time of execution. These data inputs, which are defined in detail in 
section II, are summarized below: 


Source program data 

• Research task 
intrinsic value 

• Research task concurrence 
constraints 

• Research task prerequisite 
constraints 

• Research task exclusion 
constraints 

• Entry vehicle resource 
definition 


Execution data 

• Research task 
information value 

• Research task success 
probability 

• Research task source 
definition 

• Flight program 
definition 


2. Generator Program Outputs 

The output of this generator program is a binary coded decimal (BCD) tape, 
which is used directly as the input to the CEIR LP90/94 code of the flight load- 
ing model. The tape, written in FORTRAN card image format, has three spe- 
cific parts: row identification, matrix elements and right-hand side as follows; 
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TABLE 11 

WEIGHT AND CREW UTILIZED FOR 15-FLIGHT PLAN D/ 3 VEHICLE 
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* Weight, lb (kg) /crew, man sec/sec--D/3 vehicle resources 1075 lb (487 kg); 2. 3 men (0. 7 crew required for basic flight tasks) 




Row identification 


• Nature of constraints 
Matrix elements 

• Alternative assignments 

• Loading constraints 

• Resource requirements 
Right-hand side 

• Entry vehicle capability 


3. General Description 

The input generator program has been written principally in FORTRAN IV 
language with about five percent of instructions in Machine Assembly Program 
(MAP) language. The logic employed to develop the input data of 52 entry re- 
search tasks into alternative task assignment and associated characteristics 
is depicted in figure 3. 

Objective value . - The objective value of each identified alternative is the 
potential research value accumulated by assigning that alternative in the flight 
loading model solution. The objective value (total research task value V^) is 

derived in accordance with actual flight test considerations. The functions 
relating to determination of the total value (OBJ) of an experiment are shaded 
in figure 3. 

Truth table. - Each input flight program definition includes a flight pattern 
or sequential definition of the entry conditions to be flown. From the given 
flight pattern, a truth table and information table are developed. The truth 
table is a table of all failure /success patterns to be considered. An informa- 
tion table is developed from the truth table by assigning failure to all flights 
where prerequisite conditions (table 6) are not satisfied. 

Probabilistic table. - A probabilistic table is developed from the truth table 
and experiment probability of achieving value. This table indicates the proba- 
bility of each failure pattern in the truth table occurring in recognition of the 
success probability of the experiment on one flight (Pg) and the failure proba- 
bility (1 - Pg). The products of each row become the column vector £PjJ, 
probability of acquiring research information. 

Matched pattern. - The matched pattern is one of many assignment patterns 
for an experiment on a sequence of flights of different entry conditions. Each 
pattern has a corresponding informational value, Vj. 
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EXPERIMENT 

CREW 

TIMES 


CREW 

REQUIRED. 


FIGURE 3. INPUT GENERATOR LOGIC 


Informational table . - The informational table as obtained from match pat- 
terns is compared to generate a column vector corresponding to the truth 

table failure/ success patterns. Each row in the column vector is the informa- 
tional value (Vj) acquired when the assigned task is subject to the related fail- 
ure/success pattern. 


Constraints. - The other matrix elements developed by the input generator 
are directly related to the input data for each alternative assignment. These 
elements constitute the coefficients in the flight loading model equation dis- 
cussed in the next subsection. 


I 
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4. Features 


The generator program is available for a very specific application, but 
considerable versatility does exist with the application. These capabilities 
are summarized below: 

• 6 Alternative assignment designations 

• 52 Research tasks 

• 9 Different entry conditions 

• 25 Total flights 


5. Subroutines 

The generator program has been compiled and executed on the IBM Model 
7094 computer and designated MB-022. Six subroutines have been written to 
complement the mainline program. Three of these relate to tape allocation 
and assignment of tabular data. The remaining three are related to the as- 
signment of tasks to flights: 

(1) Number of alternatives within the available entry conditions and 
the required entry conditions. 

(2) Binary pattern analysis and determination of number of positions 
in a given state. 

(3) Binary pattern analysis and determination of the specific positions 
in a given state. 


C. FLIGHT LOADING MODEL 


The flight loading model is a technique for determining the optimum poten- 
tial research capability of any candidate lifting body design in a specified 
series of entry condition flights. The model is in standard linear programming 
format. There is an objective function, Z, in linear form, to be maximized 
subject to a set of "m" linear constraints written as equalities or inequalities. 
The sense of the inequality is, of course, determined by the nature of the con- 
straint. 

This model was developed to establish the potential research effectiveness, 
or worth, of each candidate design in each specific flight program. In this 
way, data can be developed that shows; (1) the influence of vehicle and crew 
size on the capability to perform research, and (2) the size vehicle and the 
type flight plan that provide the means for performing the most research. 
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The model was implemented with the CEIR Corporation (Alexandria, Va. ) 
Linear Programming Code LP90/94. 


1. Formulation 

The flight loading model formulation required selection of a meaningful 
objective function and identification of reasonable real life constraints. Three 
objectives were considered: (1) maximize the resource utilization, (2) max- 
imize the number of research tasks assigned, and (3) maximize the value of 
research accomplished. Maximizing the resource utilization was rejected 
because it would minimize growth potential which was an attribute for the se- 
lected design. Further, maximizing resource utilization would not necessarily 
result in the selection of high valued tasks over lesser valued ones in the load- 
ing analysis. Maximizing the number of research tasks loaded could possibly 
result in the situation where large numbers of very low valued tasks are as- 
signed in lieu of all high value research. 

The third objective above was selected because data of the form "value of 
research accomplished" was of the most use in size and program selection 
studies. In addition, this objective would tend to accomplish the objectives of 
the other two functions considered since additional research tasks are assigned 
until the resource remaining is inadequate for further task assignment. 

The linear programming format maximizes the objective function subject 
to established constraints. Six types of constraints were recognized. The 
first type of constraint, unique assignment, was required to ensure that arti- 
ficial value was not accumulated by assigning a task twice to any given flight. 
The second and third types of constraint ensured that the crew and weight re- 
sources required by assigned experiments did not exceed the system capa- 
bility. The fourth, fifth and sixth types of constraint concerned the compati- 
bility of each unique pair of experiments. These constraints ensure proper 
assignment of prerequisite, complementary and contradictory tasks. 


2. Equations 

The model is composed of several equations, and the linear program is 
a technique for simultaneous solution of these equations. The equations re- 
quired to implement formulation of the flight loading model are identified 
in the following discussion. 

An objective function, Z, is maximized, subject to a set of constraints: 


E E V.. 

i I it 


x ii 
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where is a number which represents the research value of task i in its Ith 
assignment, and x^ designates the Ith assignment of task i and has a value of 
either zero (if not assigned) or one (if assigned). 

The summation of values over all tasks and assignments yields the total 
program value Z. This total value is then maximized. 


The resource constraint 

E E r . . x. . < R . 

I i ljlw ll - jw 


EEr... x. . < R . 

I i ljlc ll - JC 


equations 


where 


r ijlw = we i£ht °f task i in its Ith assignment on flight j 

r iji c = crew required by task i in its Ith assignment on flight j 

Rj w = total weight available for tasks on flight j 

Rj c = total crew available for tasks on flight j 

require that all tasks assigned to each flight use no more than the weight and 
crew resources (R^ w and R ) available for that flight. 

The single assignment constraint equation 

5x i( < X 

permits only one assignment of each task. 

The "must" group constraint equations 

x i>( - x u*° 
x i'lk - x i«k a 0 

where x. /k = x. on flight k ensure the simultaneous assignment of two tasks, 
i and i' , when required by the task definitions. 

The "must not" group constraint equations 

x i' ( +x i< s 1 
X i'<k +x i/k S 1 
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prevent simultaneous assignment of two incompatible tasks, i and i' . 
The prior requirement constraint equations 


x i'( - x i (2° 
x i'<k- x i(k i0 

ensure that tasks are accomplished in sequence when required to do so by the 
task definitions. The prior requirement equations have the same form as the 
"must" group equations. 

The objective function, once selected, is written as a linear equation re- 
lating each unique assignment with the proper value coefficient. The variable 
x. . represents the "ith" unique assignment of research task I. The V. . term 

lx 

is the potential research value of this unique assignment; e. g. , if three ex- 
periments are considered and four unique assignments are defined for each, 
the objective equation would be; 


Z - XjjVjj + X 12 V 12 + X 13 V 13 4 X 14 V 14 4 X 21 V 21 4 X 22 V 22 
+ X 23 V 23 + X 24 V 24 + X 31 V 31 + X 32 V 32 + X 33 V 33 + X 34 V 34 


= 1, 


Further, if the solution were X^ = 1, X 23 
were 0, the objective function would equal 4 V 23 4 V 32 . 


and X 32 = 1 and all other X' s 


The resource constraints relate the assigned task weight and crew resource 
on each flight to the system capability. The term r.^ w represents the re- 
quirement for specified weight to implement the "ith" assignment of task SL on 
flight i. The C. . term is likewise for crew resource requirement. There 

b j i!]W 

is one weight and one crew equation for each flight in the program being eval- 
uated. The objective function was maximized while the total resource con- 
straints assigned are limited to the entry vehicle capability. 

The single assignment constraint equations limit the solution to one unique 
"i" assignment for each experiment. This is accomplished by writing one 
equation for each task. If a given task has three alternatives, the equation 
would be X^ 4 X J2 4 X J3 < 1 and thus only one alternative assignment is 

allowed. 

The must group equation ensures assignment of x i k if x iik is assigned. 

Here £ ' designates a task that must be assigned when the task designated £ 
is assigned. The subscript k relates two specific tasks on a specific flight. 
The must not equation contains the same variables and prevents assignment 
of two incompatible experiments to the same flight. The prior requirement 
is of the same form as the must group except the task relationships are con- 
cerned with assignment of prerequisite tasks, e. g. , the first task (£= 1) is 


32 


ER 14471-6 



required to be done with the fourth task (£' = 4). Two alternates are defined 
for the first task: assignment on flight 5 (k * 5) or assignment on flight 6 
(k = 6), One assignment on flights 5 and 7 is defined for the fourth task. 
Three equations would be written: 


X 


145 


X 


147 


X 115^° 

X 216 20 
> 0 


It can be seen that X^^. is a valid assignment under any circumstances. 

Assignment X. 9 , is never valid, and assignment X 1 is valid if X 1 . , is 
assigned. liK 1 K 


D. SPACE SYSTEM COST MODEL 


The Space System Cost Model (SSCOM) was used to estimate program costs 
for selection of vehicle and program size. SSCOM was developed under Martin 
Marietta sponsorship to estimate program costs for conceptual space system 
designs. The model consists of 60 estimating relationships derived from his- 
torical cost data on similar space programs. 

The SSCOM cost estimates are developed in a "top down" approach. In this 
technique, significant overall characteristics of a program are used to es- 
tablish a relationship to similar historical programs. The historical data are 
mainly in terms of gross program funding and a summary program descrip- 
tion; detailed cost estimates are derived deductively. Cost estimating errors 
due to lack of detailed definition are considered less likely to occur with this 
technique. However, program cost estimates produced by SSCOM tend to be 
significantly higher than those estimated at the beginning of a new program 
by conventional pricing techniques. 

SSCOM is particularly well suited to the evaluation of vehicles that have 
similar functions but vary in size and subsystem complexity. 


1. Cost Estimating Relationships 

The 60 estimating relationships have been developed using system weight 
characteristics as the principal cost dependent parameters. The index data 
were derived from the three United States manned space programs- -Apollo, 
Gemini and Mercury, on which cost data exist in sufficient depth. 

The basic cost estimating relationships employed in SSCOM are of the 
traditional form: 

/W.\^ y-y. 

C = (c.) (W) \^j (1 +a) 1 
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where 


C = system unit cost of system being evaluated 

c. = reference system unit cost as a function of some characteristic 
1 of the system 

W = system characteristic upon which cost estimate is based 

= reference system cost dependent characteristics 

P = exponent for scaling cost dependent characteristic 

a = average annual increase in aerospace hardware cost index 

y = calendar data of a significant milestone on system being evaluated 

y^ = calendar date of similar milestone on index system. 

Additional terms are added to account for prior production, learning curves 
and quantities to be produced. 

Significant differences were found to exist between the cost relationships 
of structural and avionic subsystems. As a result, the structural and avionic 
costs are estimated in separate relationships and collected for reporting pur- 
poses. 

All low -value, expendable and ballast weights are excluded from the sub- 
systems. The remaining weight is adjusted to recognize the significant dif- 
ferences in complexity between systems. This adjustment allows the systems 
cost to be estimated with common relationships in the model. 


2. Inputs 

The SSCOM estimates are developed from detail system weight statements, 
the launch vehicle payload capability, 11 characteristics of the flight verifica- 
tion program and 10 items relating to the operational activities. Adjustment 
of the systems weights is accomplished manually and produces seven summary 
weight characteristics. The 28 items comprising the computer program input 
are tabulated in table 12. 


3. Outputs 

The element grouping used in reporting SSCOM cost estimates is in agree- 
ment with the NASA cost reporting structure. Costs are identified as either 
nonrecurring or recurring. Nonrecurring costs are grouped in three cate- 
gories: basic analysis, design and development; flight test hardware; flight 
test operations. Recurring costs are collected in four categories: prime 
mission hardware; activation; operations and maintenance; replacement pro- 
curement. 
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TABLE 12 


SPACE SYSTEM COST MODEL INPUTS 

System description : 

Launch vehicle payload capability 
Entry vehicle adjusted subsystem weight 
Entry vehicle adjusted structural weight 
Adapter adjusted subsystem weight 
Adapter adjusted structure weight 
Flight vehicle orbital weight 
Flight vehicle effective launch weight 

Flight test program description: 

Entry vehicle quantity 
Adapter quantity 

Aero drop program rocket quantity 
Launch vehicle quantity 

Launch vehicle previous production quantity 

Launch program duration 

Number of launches 

Program go-ahead date 

Aero drop program vehicle quantity 

Aero drop program flight quantity 

Aero drop program duration 

Operational program description: 

Initial entry vehicle procurement quantity 
Initial adapter procurement quantity 
Initial launch vehicle procurement quantity 
Launch vehicle previous production quantity 
Operational launch program duration 
Number of entry vehicle refurbishments 
Subsequent entry vehicle procurement quantity 
Subsequent adapter procurement quantity 
Subsequent launch vehicle procurement quantity 
Launch vehicle previous production quantity 
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In addition, the model reports the first article, last article, and cumula- 
tive average unit costs of the orbital vehicle modules for the prime mission 
hardware. The orbital vehicle can consist of an entry vehicle, adapter, cargo 
module and velocity module. During the size selection, only entry vehicle 
and adapter estimating relationships were utilized. 

Figure 4 is a cost- o- gram depicting the SSCOM cost estimate for a D/3 
size vehicle in an 11-flight research program. 


CODE 

SUBSYSTEM - SS 

ENTRY VEHICLE - EV 



E. COINCIDENT COST MODEL 


The Coincident Cost Model (COCOM) was used to estimate costs for the 
recommended flight research program using the selected D/3 vehicle. The 
change from SSCOM estimating, employed in selection of entry vehicle and 
crew size and recommendation of flight research programs, was necessary 
to produce detailed program costs. Introduction of a second cost model was 
found to be compatible with attributes of the evaluations and models: 

(1) The selection study input data were consistent with SSCOM tech- 
niques. 
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(2) The recommended program data were consistent with COCOM 
techniques. 

(3) Several conceptual programs have been evaluated using both 
models, and the estimates were consistent. 

(4) The input data preparation time required for COCOM techniques 
would have been prohibitive in the selection studies. 

The COCOM cost estimates were built up by identifying all contributors 
to total program cost and establishing cost relationships for each contributor 
for inclusion in the model. Although this approach differs from the SSCOM 
technique, the cost relationships for both models are derived from historical 
programs. 

The principal difference, then, is that COCOM estimates include more 
considerations and produce a significantly more detailed estimate. Specifically, 
each identifiable subsystem is treated as an independent cost contributor in 
the COCOM. 


1. Cost Estimating Relationships 

Although the COCOM estimating relationships (table 13) pertain to vehicle 
subsystems, whereas those for SSCOM pertain to vehicle programs, both 
models consist of terms which account for the same cost- dependent charac- 
teristics: cost coefficients, historical indices, aerospace hardware cost index, 
prior production, learning curves, production quantities. 


Ground test equipment and nonrecurring facility costs are estimated for 
a basic launch rate of four vehicles per year. Subsequently, recurring cost 
estimates include additional funds for these facilities whenever the basic 
rate is exceeded. These additional funds then provide the increased capa- 
bility at no further capital cost for the duration of the program. 

Of particular interest is the cost of recycling the entry research vehicles 
since very little historical data on reuse of spacecraft exists. At the onset 
of the study, it was planned to estimate recycle costs by detailed pricing 
methods. This approach required detailed definition of refurbishment oper- 
ations, maintenance functions, recycle schedules, manpower estimates, re- 
furbishment hardware and special tools. Midway in the study, it became 
apparent that the use of the two different costing methods could be mislead- 
ing, particularly when the refurbishment-to-new unit cost ratio is considered. 
A 2:1 cost model-to- pricing ratio would result in a 50 percent lower ratio of 
refurbishment-to-new unit cost if pricing techniques were applied to refurbish- 
ment and recycling. It was decided at this point to retain the COCOM costing 
method for refurbishment. COCOM determines cost of refurbishment by ap- 
plying refurbishment-to-new unit ratios of each subsystem to the subsystem 
new unit cost. The critical parameter in this analysis is, then, the evalua- 


ER 14471-6 


37 




38 


ER 14471-6 


Year (midpoint) of referenced subsystem 
Time point for Aerospace Price Index 



tion of ratio of refurbishment -to -new unit cost. This ratio was estimated by 
the following comparisons: 

(1) Number of components refurbished versus number of components 
per subsystem. 

(2) Weight of items refurbished or replaced versus weight of subsys- 
tem. 

(3) Man-hours to evaluate subsystem after recovery of entry vehicle 
versus estimated man-hours to perform factory inspection and 
functional checks of new subsystem. 

(4) Schedule span time to perform a subsystem refurbishment versus 
time to fabricate and install new subsystem. 

(5) Schedule span time to conduct subsystem functional checks after 
refurbishment versus time to perform checks on new subsystem. 

In addition to the above comparisons, the following criteria were estab- 
lished in estimating heat shield and recovery subsystem refurbishment cost 
ratios: 

(1) The cost of heat shield refurbishment is equal to the installed cost 
of a new heat shield plus the cost of removing the expended one. 

(2) The recovery system is refurbished by completely replacing the 
main canopy units and the emergency chutes. 

Further confidence in subsystem refurbishment cost ratios was obtained 
by examination of X-15 subsystem refurbishment and maintenance costs rela- 
tive to the new subsystem costs and comparing these values with the ratios 
estimated for this cost analysis where similarity of subsystems existed. The 
X-15 and HL-10 entry research vehicle refurbishment cost ratios are com- 
pared below; 


Subsystem 

X-15 

HL-10 

Reaction control 

0. 015 

0. 100 

Electrical power 

0. 034 

0. 100 

Instrumentation 

0. 014 

0. 015 

Navigation and guidance 

0. 054 

0. 010 

Structure 

0. 060 

0. 10 


The X-15 data were derived from a refurbishment study* by extracting 
pure refurbishment costs. Reaction control figures are higher for the HL-10 


^"Survey of Operation and Cost Experience of the X-15 Airplane as a Reusable 
Space Vehicle, " J. E. Love and W. R. Young, NASA TN D-3732. 
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because of the much more severe heating on the thrustor units. The electri- 
cal power ratio is higher because of larger number of batteries in the HL-10. 
The guidance ratios are lower for the HL-10 which carries a large percentage 
of solid state units like computers which require no refurbishment, while the 
IMU (requiring periodic removal and calibration) is the major component in 
the X-15 guidance system. The structural refurbishment cost ratio of the 
HL-10 is 67 percent higher because of the additional hatches, seals, pressure 
shell complexities and its heat shield attachment fittings. 


3. Inputs 

In the COCOM analysis, 20 subsystems were identified, and weight was 
used as the cost dependent parameter. The design and schedule inputs in- 
cluded: 

61 Hardware entries 
146 Development schedule entries 
133 Operational schedule entries 

Nearly 700 significant historical program characteristics are required for 
estimates used in this study. These characteristics are changeable from one 
cost estimating task to another depending on the peculiarities of the system 
being evaluated. For example, a different class of subsystems (liquid pro- 
pulsion versus solid propulsion) or a different stable of launch vehicles would 
necessitate a change in the historical program characteristics. Thus, a unique 
set of characteristics related to the particular HL-10 system design being es- 
timated was used. 


4. Outputs 

COCOM output data are reported in two categories: nonrecurring (develop- 
ment) and recurring (operational). Nonrecurring costs include all charges ex- 
cept those incurred for research flights, including recovery expense. 

Nonrecurring costs are provided to a detail level of 218 items, then re- 
capped for fiscal funding. Recurring costs number 100 items per year, plus 
a summary at the end of the operational span. In addition, a cumulative total 
cost is reported for nonrecurring items and for the end of each operational 
year. 
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IV. VEHICLE SIZE SELECTION ANALYSIS 


One of the xxi ajor tasks performed in this study was the selection of one 
vehicle size for further in-depth design and study. The principal goal was 
to identify the vehicle size and crew complement that minimizes total pro- 
gram cost and maximizes the potential research value. In this evaluation, 
no maximum acceptable funding level was established; however, consideration 
was given to achieving a high research "value" per dollar of program cost. 
Likewise, the minimum acceptable potential research accomplishment was 
not a constraint in the analysis, but the selection rationale included the 
desirability of assigning each research task on at least one flight. 

The specific measures of effectiveness established were as follows: 

(1) Value of research accomplished 

(2) Number of research tasks assigned 

(3) Resource utilization- -a small or negligible crew resource margin 
and a large weight resource margin being considered desirable. 

In addition to these specific measures of effectiveness, orbital payload 
capability and several other factors were also considered. 

The methodology used to obtain numerical values for the selected measures 
of effectiveness and cost estimates for the various crew and vehicle com- 
binations was discussed in section II. It should be pointed out that these data, 
while principally used in selection of the vehicle, also can be used to assess 
the influence of vehicle size on research potential and project cost- -another 
study objective. 


A. CANDIDATE SYSTEMS 


The five HL-10 designs considered as candidates in this analysis were 
vehicles sized for 1, 2, 4, 6, and 8 men. However, each of tnese vehicles 
was considered with either full crew complements or reduced complements 
or both. The specific designs selected are identified in table 14. Each de- 
sign is denote.d by a letter and a number indicating the vehicle size and crew 
size, respectively. The selection of these particular vehicle and crew com- 
binations for detailed study was discussed in section IIC. 
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TABLE 14 


CANDIDATE DESIGNS 



Vehicle length 

Crew complement 

20.0 ft 
(6.10 m) 

21. 25 ft 
(6. 48 m) 

23.4 ft 
(7. 13 m) 

25.0 ft 
(7. 62 m) 

26.4 ft 
(8.05 m) 

1 -man crew 

A/1 

B/l 




2 -man crew 


B/2 

C/2 



3-man crew 



C/3 

D/3 

E/3 

4-man crew 




D/4 


5-man crew 




D/5 

E/5 


The amount of crew and weight resources available for research in each 
of the candidate vehicles is summarized in table 15. It will be noted that 
the full amount of crew time available in each vehicle is not all available for 
performing research tasks. Some crew time is required to perform basic 
flying tasks independent of the research being performed. An allowance of 
0.7 man second/ second is made for these basic tasks, where the term man 
second/second is the unit of measure to show the fraction of one man’ s time, 
in seconds, expended on a given task in any second of mission time. 


TABLE 15 

CANDIDATE DESIGN RESOURCES 


Designation 

A/1 

B/l 

B/2 

C/2 

C/3 

D/3 

D/4 

D/5 

E/3 

E/5 

Weight 

lb 

(kg) 

170 

(77) 

645 

(297) 

im 

itBI 


lEaH 


811 

(368) 

525 

(239) 

H 

482 

(219) 

Crew 

man-sec 

sec 

0. 3 

0.3 

H 

Bi 

2.3 



4.3 



2. 3 


4.3 


B. ANALYSIS RESULTS 


As discussed previously, numerical values were developed for the three 
measures of effectiveness selected, and cost estimates were produced for 
each of the candidate vehicles. In addition to the candidate vehicle and 
crew combinations, various size flight plans were also considered, comprising 
5, 7, 11, and 15 flights. Thus, a matrix of 40 programs was analyzed. 
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1. Value of Research Accomplished 

The first measure of effectiveness selected is the "value of research 
accomplished" which is referred to as the program research potential. Data 
for the program research potential for each combination design and flight 
plan system were developed with the flight loading model. Potential value 
accrues from research experiment assignment on a defined program without 
exceeding the crew and weight resources available. The 40 programs 
evaluated ranged in value from 1095 to 2992. 

These research potentials for each of the vehicles and flight plan combi- 
nations are presented graphically in figure 5. It is desirable to select the 
vehicle which performs the "most" research measured in terms of the value 
of research accomplished. When using figure 5 in the selection process, it 
should be observed that the ordinate is truncated and the vehicles are indi- 
cated on the abscissa in order of increasing length, crew size and cost, but 
not proportional to the cost. 

Increasing the number of crewmen on board the B and C size vehicles 
produces a favorable increase in the research potential value. Conversely, 
for the D and E size vehicles, increasing the number of men in the crew 
above three -man complement decreases the potential value of research that 
can be accomplished. This relationship of decreasing crew producing in- 
creased value requires investigation of the validity of omitting the D/2 vehicle 
from the candidate list. A cursory heuristic analysis indicates the D/2 
vehicle has potential research value equivalent to the C/2 system and cost 
equivalent to the D/3 system. The omission of this design from consideration 
is valid. 

Although a minimum one-man vehicle was not included in this study, the 
relative potential value can be assessed by considering its similarity with 
the A/1 design. 


2. Number of Research Tasks Assigned 

A further criterion which influenced the selection of a vehicle for in-depth 
design was the number of research tasks assigned to the flight programs. 
Fifty-two tasks were identified for establishing the vehicle research potential. 
Forty system programs were evaluated. The number of tasks assigned at 
least once ranged between 23 and 49. The tasks that could not be assigned 
in each system program are identified in table 16. 

The number of experiments assigned at least once during an 11 -flight pro- 
gram is presented in figure 6. This figure also indicates the ineffectiveness 
of additional crew men in the larger size vehicles. The A/1 design research 
accomplishment includes assignment of only one -half the desirable tasks. 

This characteristic would apply also to a one-man minimum system. 
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TABLE 16 

RESEARCH TASK LOADING SUMMARY 


Excluded research tasks 
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3. Resource Utilization 


In selecting the candidate system for in-depth design, utilization of avail- 
able resources was a significant factor considered. It is important to have 
some weight resource margin for future growth, and it is desirable to mini- 
mize the amount of unused crew time resource. For example, if the analysis 
showed that one crew member was never used, it is obvious that the flight 
should be flown without this man. 

Crew and weight resources unused in performing the defined research (in 
the optimum manner within established constraints) are presented in table 17 
for all the candidate systems flown in the 11 -flight program. The entry con- 
dition sequence for this program was A, B, C, C, F, F, F, G, G, G and I. 
The average values for the unused resources are shown in figure 7. In gen- 
eral, these data show that, for the minimum systems (A/1, B/l, C/2, etc.), 
the system is crew constrained. This means that no further tasks could be 
assigned because crew resource was required. As shown in table 17, there 
are many flights without any unused crew resource. These data also show 
that, if the crew complement is increased, the vehicle becomes weight con- 
strained. 


TABLE 17 

UNUSED RESOURCES FOR 11 -FLIGHT PROGRAM 


Sequence of flights 

1 

2 

3 

■ 

■1 

6 

■1 

■ 

■ 

10 

11 

Av 


Veh size 

No. of crew 


A 

1 

54.4 

22. 7 

20.4 


9. 1 

27. 2 

49.9 



45.4 

40. 8 




1 

296.6 

54.4 

217.7 


183.7 

195. 0 

224. 5 

240.4 

235.9 

97.5 

124. 7 


nn 


2 

61.2 

22. 7 

4. 5 

sin 

9. 1 

4.5 


47.6 

43. 1 

29. 5 

24.9 



C 

2 

462.7 

424. 1 

387.8 


285. 8 

265.4 


410.5 

99.8 


172.4 




3 

231. 3 

176.9 

179. 2 


725. 7 

52. 2 


179. 2 

61. 2 

31.8 

163.3 


4) 


3 

487.6 

453. 1 

351. 5 

333.4 

249.5 

115.7 


367.4 

131. 5 

95.3 

242. 7 

250.4 


D 

4 

367.9 

313.4 

231.8 

213.6 

107. 0 



279.4 

66. 2 

98.0 

281. 7 

192. 8 



5 

239. 5 

194.1 

164. 7 

142. 0 

58. 1 






153. 3 




3 

466.3 

426.4 

328.9 

310. 7 

226. 8 






174.6 




5 

218.6 
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121. 1 

37.2 






132.4 
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482 

382 

317 

267 

82 

mm 

WM 
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FIGURE 7. UNUSED RESOURCES IN 11-FLIGHT PROGRAM 

In considering the data of figure 7, it is important to consider that of fig- 
ures 5 and 6. As an example, consider the C/2 system. Figure 7 shows 
that this system apparently has the greatest capacity for growth and makes 
efficient use of the crewmen. However, figures 5 and 6 show that the value 
of research performed and the number of research tasks accomplished are 
lower than the D/3 vehicle which also has efficient crew utilization and good 
growth capability. Therefore, figures 5, 6 and 7 clearly indicate the supe- 
riority of the D/3 system. 
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4. Program Costs 


The program costs were estimated, using the Space System Cost Model 
(SSCOM), for the 10 candidate vehicle and crew combinations, each with 
four potential flight research programs. These cost estimates are tabu- 
lated in table 18 and depicted graphically in figure 8. Various pertinent 
milestones of any potential research program are indicated on the abscissa 
in this figure. This affords an opportunity to visualize the relative incre- 
mental cost of additional flights on any defined program. The verification 
flight milestone includes two unmanned verification missions. Data for the 
smallest crew complement considered for each candidate vehicle size have 
been identified. Each additional crew member included in the complement 
increases the program cost about 1. 5 percent. 

TABLE 18 
PROGRAM COSTS 


System 


Total program costs, dollars i 

costs, dollars 

5 Fit 

7 Fit 

11 Fit 

15 Fit 

A/1 

616 x 10 6 

737 x 10 6 

794 x 10 6 

888 x 10 6 

979 x 10 6 

B/l 

647 

776 

835 

930 

1022 

B/2 

666 

797 

857 

954 

1047 

C/2 

725 

863 

925 

1024 

1120 

C/3 

743 

882 

945 

1046 

1143 

D/3 

794 

939 

1004 

1107 

1206 

D/4 

808 

954 

1020 

1124 

1223 

D/5 

811 

958 

1024 

1128 

1228 

E/3 

846 

996 

1063 

1169 

1270 

E/5 

872 

1025 

1093 

1200 
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6. Orbital Payload Capability 

A secondary consideration in the selection of a manned entry research 
vehicle design is its adaptability to orbital objectives. A measure of this 
adaptability is the cost per pound of orbital payload (fig. 11). 


\ 



FIGURE 11. ORBITAL PAYLOAD COSTS 


C. SELECTION RATIONALE 


The selection criteria included two principal qualities: minimum program 

cost and maximum potential research value. These two criteria are not 
always compatible; increasing value generally requires additional resources 
or increasing cost. In this study, the D/3 vehicle was found to have the 
maximum potential research value, but four other systems incurred higher 
cost. These other systems could therefore be excluded from further con- 
sideration. 


ER 14471-6 


51 



The systems with less potential research value than D/3 can be obtained 
at a reduced cost, and comparison produces a conflict between the principal 
criteria. Additional criteria were introduced including: achieving a high 

value per dollar (fig. 10), assigning most of the research tasks (fig. 6), opti- 
mizing the residual resources (fig. 7), and minimizing the cost of each unit 
of weight available for experimental equipment in orbit (fig. 11). The candidate 
systems are ranked in accordance with these criteria in table 20. On each 
of these criteria, the D/3 vehicle ranked ahead of other systems. 

The evaluation in accordance with these basic criteria indicates a pre- 
ference for the D/3 vehicle. Additional factors which were difficult to re- 
flect quantitatively in the basic criteria are discussed in the next section. 


D. OTHER CONSIDERATIONS 


In addition to the five quantitative criteria applied in the preceding section, 
the following qualitative factors were considered. 

(1) Visibility. Forward and side visibility of ground during final 
flare, touchdown, and initial slideout must meet NASA and Air 
Force research pilots' criteria for adequacy. In particular, the 
A and B size vehicles do not offer acceptable visibility (see 
Part IV). 

2 

(2) Packing density . Use of the allowable 55 psf (270 kg/ m ) wing 
loading allows research equipment weight to reach a value such 
that the packing density becomes unrealisticly high on the A and B 
size entry vehicles. In other words, the volumes available for 
experiments constrain weight available for research on the A and 
B sizes. 

(3) Maximum entry velocity with Saturn IB. Attainable entry velocity 
increases as the vehicle size is reduced. Highly elliptical orbits 
can achieve 31 500 fps (9.4 km/sec) to 34 000 fps (10.4 km/ sec) 
velocity depending on entry vehicle size. 

(4 ) Impact of modifying entry vehicle with crew transfer tunnel. An 

aft tunnel in the entry vehicle for crew and return equipment transfer 
is desirable if the entry vehicle is to perform rendezvous, docking, 
and transfer experiments . A minimum tunnel will fit in the D and 
E size vehicles without altering important aerodynamic outer lines. 

(5) Mission applications. Based on both NASA and USAF studies, 
logistics mission applications require a crew capacity of at least 
3 men with some requirements as high as 12. An entry research 
vehicle too small to be considered a logistics mission prototype 
would represent a dead-end investment after all research was 
accomplished. 

(6) Landing engine . Go -around capability is a desirable feature in 
any horizontal landing vehicle. Turbojet engines, pulse-jets, sub- 
sonic air turborockets, and conventional rocket engines were con- 
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sidered; all were found to be extremely expensive in terms of 
entry vehicle weight and complexity. Nevertheless, the possible 
payoff in mission success makes a landing engine experiment on 
an orbital vehicle a worthwhile subject for this flight research pro- 
gram. A turbojet engine (J-97) has been selected because it is a 
proven design and can be installed in an entry vehicle for research 
purposes. However, because of its size, this engine can be in- 
stalled only in the C, D and E vehicles. 

(7) Vehicle abort. Because of weight and space limitations, crew es- 
cape must be via ejection seat for the A and B vehicles. Larger 
sizes use a large parachute to recover the vehicle. This emer- 
gency recovery technique is preferred since normal abort modes 
involve water landing where the entry vehicle is specifically 
designed to support crew survival. 

The selected D/3 vehicle is tested by the above considerations with the 
following conclusions drawn: 

(1) The D/3 vehicle is satisfactory for visibility. 

(2) The D/3 vehicle does not pose any packing density problems. 

(3) The D/3 vehicle can achieve an entry velocity of 32 600 fps 

(9. 9 km/ sec) by the use of a highly elliptical orbit. If near-Earth 
orbits are used, the entry velocity reduces to 28 900 fps 
(8.8km/secX These velocities are only marginally acceptable 
for supercircular entry research because of the low radiative 
heating encountered. It should be noted that even the smallest 
A size vehicle is only capable of being entered at a velocity of 
34 000 fps (10.4 km/sec) using Saturn IB and a highly elliptical 
orbit. 

(4) An adequate crew transfer tunnel can be installed in the D/3 vehicle 
without serious structural change and alteration of the aerodynamic 
lines . 

(5) If the requirement for an operational logistics mission vehicle is 
six men, it can be met with the D size. 

(6) A J-97 turbojet engine can be installed in the D/ 3 vehicle. 

(7) The D/ 3 vehicle permits the use of large parachutes for vehicle 
emergency recovery from an aborted mission. 

A summary of the qualitative considerations examined are given in table 21 
for the five entry vehicle sizes. From this table and the preceding discussion, 
the general conclusion can be drawn that the D/3 vehicle, as selected by the 
quantitative criteria, remains the best choice after being tested by the seven 
qualitative considerations . 

The D/3 entry vehicle is therefore selected for in-depth design and 
costing. A design description is found in Part VII of this report. 
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V. RESEARCH PROGRAM DEFINITION 


The D/3 configuration was selected as the best vehicle and crew combi- 
nation for a more detailed study which is reported in Part VII. The only 
significant difference in the selected vehicle characteristics that influence 
the research program definition is a reduction in weight available for research 
equipment from 1075 pounds (487 kg) to 1030 pounds (466 kg). The other 
characteristics do not alter the cost estimate for the D/3 design. All dis- 
cussion in this section, therefore, is predicated on use of this configuration. 

Basic parameters considered in selecting the recommended flight plan 
were the value of research information obtained, the number of experiments 
to be loaded, the number of flights in the program, cost, and utilization 
of available equipment weight and crew capability for research. 


A. INFLUENCE OF NUMBER OF FLIGHTS 


The information value of the research program is related to cost with 
number of flights as a parameter in figure 12. The value/ cost ratio is re- 
lated to the number of flights in the program in figure 13 which indicates 
that the 11 -flight program yields the maximum value relative to cost. 

Experiment loading as a function of number of flights is shown in figure 14. 
The number of experiments, of the 52 considered, which would be loaded and 
not loaded is indicated for each flight program. The maximum loading for 
any flight program considered is 50 experiments, which occurs in the 11- and 
15-flight programs. It will be noted that this number does not agree with that 
quoted earlier for the D/ 3 vehicle in an 11 -flight program. This occurs be- 
cause the D/3 vehicle design in the flight loading model was more highly re- 
fined in this phase than in the preliminary vehicle size selection phase. 

Figures 15 and 16 depict average utilization of the available experiment 
weight and crew capability as a function of the number of flights in the pro- 
gram. Also shown are the residual, or unused, experiment weight and crew 
capability. The crew utilization numbers include performance of normal 
flight tasks as well as research tasks. Figures 15 and 16 indicate that the 
5-, 9-, and 11 -flight programs yield the largest average loaded experiment 
weight, while the 11-flight program maximizes average use of crew capa- 
bility. 

The selected flight plan is the 11 -flight program. This selection is based 
on the data for 5-, 7-, 9-, 11-, 15-flight programs portrayed in figures 
12 to 16. The 11 -flight program yields the maximum value/cost ratio, and 
loads the maximum number of experiments (50) with the highest information 
value (2954) of any flight program studied, with the exception of the 15-flight 
program. The 15-flight program also loads 50 experiments, with an infor- 
mation value of 2992, This increase in value is insignificant when compared 
to the increase in cost over the 11 -flight program (fig. 12). Crew utilization 
for research is also maximized by the 11 -flight program, while utilization 
of available equipment weight for research is one of the most efficient for the 
flight programs studied. 
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FIGURE 12. VALUE OF RESEARCH PROGRAM AS RELATED TO COST 



FIGURE 13. VALUE/COST RATIO AS RELATED TO NUMBER OF FLIGHTS 
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FIGURE 16. CREW UTILIZATION 


B. VARYING ENTRY FLIGHT PATTERN 


The pattern, or type of flights, within the programs considered in the 
previous section were established by inspection, with judgment as to the 
sequence which would yield the highest number of experiments loaded and the 
highest information value, within the constraints. An analysis was performed 
on the 11 -flight program for the purpose of defining those experiments which 
were not loaded to full value and to determine if, within certain ground rules, 
the sequence of flights could be modified such as to yield more total value. 

The ground rules were: 


60 


ER 14471-6 



(1) No additional flights added 

(2) No experiment to be deleted from the flight program 

(3) Unmanned flights (A and B) to be maintained. 

This analysis identified 23 experiments, as shown in table 22, which were 
not loaded to their full information value. Of these, 13 had the potential to 
be improved by rearranging the sequence of the flight program. The remainder 
required additional flights for potential improvement. An analysis of the 13 
experiments showed the following potential improvement by type of flight 
added. (Note: There are no D or H flights in the 11 -flight program 

under consideration. ) 


Type of flight 
added 


No. of experiments 
potentially improved 


C 

F 

D 

I 

G 

H 


10 

9 

5 

2 

1 

1 


Since the analysis also indicated that no experiments would be deleted 
from the program if a G type flight were exchanged for another type, the 
most judicious rearrangement appeared to be the exchange of a G flight for 
an additional C flight. This optional 11 -flight sequence was evaluated with 
the flight loading model, and yielded higher total experiment value than the 
original sequence. In the optional sequence, seven experiments were im- 
proved in information value, five of which were fully loaded (table 22). Two 
experiments were decreased in value, but no experiments were deleted from 
the flight program. There was no change in value for the remaining experi- 
ments . 

An analysis was performed on the optional 11 -flight program, as on the 
original program, to define experiments with potential for improvement by 
rearranging the sequence of the flight program, within the previously stated 
ground rules. There are seven such experiments. The potential for improve- 
ment by type of flight added is: 


Type of flight 
added 


No. of experiments 
potentially improved 


G 2 
I 2 
D 2 
H 1 
C 1 
F 0 
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The analysis also showed that exchange of a G or an I flight for another 
type would lead to complete deletion of experiments from the flight program. 
Also, since there are no D or H flights in the sequence, the only type flights 
which can be exchanged are C or P. Changing a C or F to a G leads back 
to the original flight sequence considered. Changing an F to a C has the 
potential for improving the value of one experiment. Changing either C or 
F to an I, D, or H has the potential for improvement as shown in the pre- 
ceding listing. 

The experiments improved by substitution of D, I, and H entry conditions 
are low in value, whereas the experiments improved by substitution of a 
G entry condition are high in value. However, the G substitution decreased the 
total potential research value. Therefore, the D, I, and H substitutions 
were not evaluated with the flight loading model. The optional 11 -flight 
program sequence was judged to be optimum. 


C. SELECTED FLIGHT PLAN 


Table 23 compares the cost, value, number of experiments loaded, and 
weight and crew resource margins for the two 11 -flight programs previously 
discussed. The cost and number of experiments loaded are identical for the 
two programs. The information value of the optional program is 52 points 
higher than the value of the original 11 -flight program. Average weight 
resource margin, or unused experiment weight capability, is decreased to 
376 pounds (171 kg) on the optional program. Average crew resource margin 
is increased slightly to 0. 14 man second/second. 

The selected flight plan is, therefore, the 11 -flight program with the 
optional sequence (A, B, 3C, 3F, 2G, I). The experiment loading is shown 
in table 24. The only experiments not loaded are FM-9 and FM-19. These 
experiments require J-K and S flights, respectively. Since FM-9 was a 
secondary objective, it was not considered in the loading program. It was 
shown in the two 11 -flight programs considered, that 50 experiments could 
be loaded with two C or G type flights included in the plan. Therefore, the 
option exists to load 51 experiments, including FM-19, by substituting an 
S for a C flight in the selected program. This would accomplish loading all 
51 of the primary objective experiments, but would yield a lower total infor- 
mation value than the selected program. 

There was no consideration given to reducing the crew complement below 
three to permit higher density loading of experiments. This was due to the 
fact that in each instance where an experiment was not loaded on an applicable 
flight, the reason was either a limitation in crew capability or constraints 
imposed by incompatibility with higher value experiments loaded on that 
flight. In no instance was weight availability a problem. 

Crew constraints for all experiment loading programs studied were based 
on crew utilization ratios for the flight phase which, by comparison with other 
flight phases, appeared to require the maximum crew participation in research 


ER 14471-6 


63 


TABLE 23 


COMPARISON OF ORIGINAL AND OPTIONAL 11-FLIGHT 

PROGRAMS 


Original 

(ABCCFFFGGGI) 

Optional 

(ABCCCFFFGGI) 

Cost (millions of dollars) 


1107 


1107 


Value 


2954 


3006 


Experiments loaded 


50 


50 


Resource margins 






Weight 

Flight 

lb 

kg 

lb 

kg 


1 

1030 

466 

1030 

466 


2 

860 

390 

860 

390 


3 

695 

315 

695 

315 


4 

680 

308 

680 

308 


5 

430 

195 

430 

195 


6 

310 

141 

505 

229 


7 

235 

107 

85 

39 


8 

325 

147 

45 

20 


9 

225 

102 

215 

98 


10 

425 

193 

700 

318 


11 

355 

161 

230 

104 

Crew 






(man sec/sec) 







3 

.2 


.2 



4 

.2 


.2 



5 

. 1 


. 1 



6 

0 


.2 



7 

0 


0 



8 

0 


.2 



9 

. 1 


. 1 



10 

0 


.2 



11 

.5 


. 1 


Average weight 


409 

186 

376 

171 

Average crew 


. 12 


. 14 
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TABLE 24 


SELECTED FLIGHT PLAN EXPERIMENT LOADING 


Experiment 


Flight type /number loaded 


A 

B 

□ 

c 

c 

F 

F 

F 

G 

G 

I 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

SM-1 


X 

X 









FM-8 


X 

X 

X 

X 

X 

X 

X 




FM-3 



X 

X 

X 

X 

X 


X 

X 

X 

FM-2 



X 

X 

X 

X 

X 

X 




FM-7 


X 

X 

X 

X 

X 

X 

X 




FM-5 






X 

X 

X 




GN-4 





X 



X 

X 

X 


FM-4 






X 

X 


X 


X 

GN-5 





X 



X 


X 


FM-13 



X 

X 

X 

X 

X 

X 




EV-2 





X 


X 


X 


X 

SM-6 


X 

X 

X 








GN-1 



X 

X 


X 



X 



FC-1 



X 

X 

X 

X 

X 

X 



X 

SM-2 



X 

X 








FM-17 



X 

X 







X 

SM-8 





X 


X 


X 


X 

GN-6 





X 



X 

X 

X 


FM-14 



X 

X 

X 

X 

X 

X 




SM-7 


X 










FM-6 






X 

X 

X 




FM-12 



X 

X 

X 







GN-2 




X 


X 






SM-5 


X 

X 

X 








SM-17 


X 

X 

X 








SM-3 



X 

X 

X 

X 

X 

X 

X 


X 

SM-9 



X 

X 

X 

X 

X 


X 



FC-2 









X 

X 


GN-3 





X 



X 

X 

X 


FC-3 







X 

X 



X 

FM-15 


X 

X 

X 








PP-3 









X 


X 

PP-2 







X 




X 

GN-7 




X 

X 

X 

X 

X 



X 

SM-14 


X 

X 









HF-2 



X 

X 

X 

X 

X 

X 

X 


X 

FC-4 







X 

X 




SM-10 




X 

X 

X 

X 

X 


X 


SM-12 










X 


SM-13 


X 

X 

X 

X 

X 





X 

PP-1 

X 

X 










SM-16 



X 

X 








AV-2 


X 










SM-11 



X 

X 

X 







HF-1 









X 



FM-16 



X 

X 

X 

X 

X 

X 




SM-15 










X 


FM-9 (not loaded) 












FM-18 











X 

AV-1 


X 

X 

X 








FM-19 (not loaded) 












SM- 18 











X 
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tasks. This concession was made to minimize LP-90 computer time. The 
chosen flight phase for study is the period between pullout and 200 000-foot 
(60. 9 km) altitude. To determine if there were other flight phases where 
crew constraints might be exceeded due to the selected experiment loading, 
an analysis was performed by flight phase and flight number. The results 
are shown in table 25 for both the selected (optional) 11 -flight plan and the 
original 11 -flight plan. The numbers in the chart include allocated crew 
utilization for normal flight tasks. 

There are two cases in the selected flight plan where the maximum crew 
capability is exceeded, while there is one case with the original flight plan. 
These overloads can be resolved by selective deletion of experiments while 
observing the ground rule that no experiment be completely deleted from the 
flight program. The experiments for potential unloading are GN-6 on flight 6 
for the original flight program, and PM- 2, -13, -14 on flight 8, and GN-6 
on flight 9 for the selected flight program. These deletions yield the mini- 
mum decrease in total program information value. The reduced values would 
be 2938 and 2972, respectively, for the original and the selected flight pro- 
grams. This adjustment would not invalidate the selection of the optional 11- 
flight program as the recommended program. 
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TABLE 2 5 


CREW RESEARCH TASK LOADING FOR 11 -FLIGHT PROGRAM 


Original flight plan (A, B, 2C, 3F, 3G, I): 
first value noted 

Selected flight plan (A, B, 3C, 3F, 2G, I): 
value in parentheses 
Crew utilization ratio X, (X) £.3.0 


Flight Phases 


gggi 

0. 5 
(0. 5) 

■ 

0. 5 
(0.5) 


0.5 

(0.5) 

0. 5 
(0.5) 


Ascent 

(0 - 0. 48 ksec) 

1st orbit 

(0. 48 - 5. 9 ksec) 



0. 9 
(0.9) 

m 

0. 5 
(0.5) 

1 

■ISiSl 

0. 5 
(0.8) 

0. 9 
(0.9) 

1.5 

(1.5) 

2nd orbit 

(5. 9 - 10. 3 ksec) 

0.6 

(0.6) 

0.6 

(0.6) 

0. 9 
(0. 9) 

0. 9 
(0.6) 

0. 7 
(0.6) 


1. 7 
(2.0) 

1.0 

(1.0) 

m 

3rd orbit 

(10.3 - 13.7 ksec) 

0.4 

(0.4) 

0.4 

(0.4) 

0.8 

(0.8) 

1. 0 
(0.6) 

0. 7 
(0. 7) 

0.8 
(1. 1) 

0.4 

(0.7) 

0.8 

(0.8) 

0.4 

(0.4) 

Deorbit and 
exoatmospheres 
(13. 7 - 15.4 ksec) 

0. 7 
(0.7) 

0.7 

(0.7) 

0. 9 
(0.9) 

1.0 

(0.8) 

0. 9 
(0.8) 

1. 1 
(1.0) 

1. 3 
(1.5) 

1. 1 
(1.0) 

0. 7 
(0.8) 

400 000 to 

280 000 ft 

(121. 9 - 85. 3 km) 

(15. 4 - 15.6 ksec) 


1.8 

(1.8) 

2.6 

(2.6) 

2.6 

(2.0) 

2.0 

(2.0) 

2.0 

(2.5) 

D 

1.9 

(1.9) 

■ 

280 000 ft (85. 3 km) 

to pullout 

(15.6 - 15. 7 ksec) 

m 

Esa 

2.0 

(2.0) 

2.8 

(2.8) 

2.7 

(2.2) 

2.3 

(2.7) 

3. 0 
(2.7) 

■ 


1. 9 
(2.0) 

Pullout to 

200 000 ft (60. 9 km) 
(15. 7 - 16. 7 ksec) 


2.8 

(2.8) 

2.9 

(2.9) 

3. 0 
(2.8) 

3. 0 
(3.0) 

3.0 

(2.8) 

■ 


mm 

200 000 ft (60.9 km) 
to M = 6 

(16. 7 - 16. 9 ksec) 


2.2 

(2.2) 

2. 7 
(2.7) 

3. 5 (a) 
(2.2) 

2.4 

(2.6) 

3, 0 /i \ 
(3. 4) b 

|| 


mm 

M = 6 to M = 2 
(16. 9 - 17. 1 ksec) 


1.0 

(1.0) 

1. 1 
(1. 1) 

1.8 

(1.0) 

1. 1 
(1.1) 

1.6 

(1.9) 



0.8 

(0.8) 

M = 2 to M s 0. 8 
(17. 1 - 17. 2 ksec) 


1. 0 
(1.0) 

1. 1 
(1.1) 

1. 8 
(1. 0) 

1.0 

(1.0) 

1.8 

(1.8) 



1. 0 
(1.0) 

Approach, flare, 
and landing 
(17.2 - 17.3 ksec) 

1.0 

(1.0) 

1.0 

(1.0) 

1. 1 
U.l) 

1.8 

(1.0) 

1. 0 
(1.0) 

1.8 

(1.8) 

3, 0 /i \ 
(3. 8) b 


2.0 

(2.0) 


3 

4 

5 

6 

7 

8 

9 

10 

11 


NOTES: (a) 
(b) 


Flight number 

Can be made! 3. 0 by deleting GN-6 onFlight6 (value is decreased from 2954 to 2938). 
Can be made < 3. 0 by deleting FM-2, FM-13, and FM-14 on Flight 8 and GN-6 on Flight 9 
(value is decreased from 3006 to 2972). 
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VI. SELECTED SYSTEM COSTS 


A total cost of $1003 million has been estimated, by COCOM techniques, 
for the recommended flight research program, comprising 11 flights of the 
HL-10 D/3 entry vehicle, utilizing a Titan III- 5 launch vehicle. Nonrecurring 
development costs of $470 million are included in the total. 

The recommended program has approximately 10 percent greater cost/ 
effectiveness than a curtailed or nominal program of seven flights involving 
a total cost of $853 million. 

Detailed estimates are presented for (1) nonrecurring development costs, 
(2) the recommended flight research program, and (3) the nominal flight 
program, as well as (4) attainment of secondary objectives via a supercircu- 
lar entry flight and a rendezvous and docking mission. 


A. NONRECURRING DEVELOPMENT COSTS 


The nonrecurring development costs are dependent on vehicle design and 
independent of the research program. The significant nonrecurring cost in- 
puts developed from the system integration data of Part V and the selected 
vehicle design data of Part VII are given in table 26. 

TABLE 26 


NONRECURRING COST INPUTS 


Subsystem 

Weight, 

Tooling rate 
capability. 

Ground 

test 

Flight 

test 

nomenclature 

lb 

kg 

per yr 

quantity* 

quantity* 

Structure 


(1212) 

4 

3. 0 

5. 0 

Heat shield 


(1230) 

4 

2.5 

2.0 

Surface control 


(428) 

4 

5.0 

4.0 

Reaction control 


(83.9) 

4 

4. 0 

1.0 

Guidance and com- 
munication 

532 

(241) 

4 

4.0 

1.0 

Instrumentation 

606 

(275) 

4 

4.0 

2.0 

Research equipment 

1030 

(467) 

(excluded by direction) 


Indirect vision 

0 

(0) 

(provided for potential appli- 
cation) 
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TABLE 26. --Concluded 


NONRECURRING COST INPUTS 


Subsystem 

Weight, 

Tooling rate 
capability. 

— 

Ground 

test 

Flight 

test 

nomenclature 

lb 

kg 

per yr 

quantity* 

quantity* 

Environmental 

435 

(197) 

4 

4.0 

1.0 

Electrical 

535 

(243) 

4 

5.0 

2. 5 

Instant L/Dprop. 

222 

(101) 

4 

4.0 

2.0 

Landing gear 

555 

(252) 

4 

4.0 

2.0 

Emergency chutes 

678 

(307) 

4 

6. 0 

2.0 

Crew provisions 

240 

(109) 

4 

3. 0 

2. 0 

Display panel 

206 

(93.4) 

4 

3. 0 

2.0 

Adapter structure 

510 

(231) 

4 

3. 0 

2.0 

Adapter environ- 
mental 

0 

(0) 

(provided for potential 
application) 


Adapter electrical 

0 

(0) 

(provided for potential 
application) 


Adapter deorbit prop. 

1148 

(520) 

4 

12. 0 

2.0 

Adapter miscel- 
laneous 

100 

(45.3) 

4 

3. 0 

2. 0 


♦Note: quantity represents equivalent units; e. g. , 3 half subsystems = 1.5 


A breakdown of the $470 million development cost estimate is presented 
in table 27. 


B. RECOMMENDED RESEARCH PROGRAM COSTS 


The recommended research program consists of two unmanned and nine 
manned flights. Annual procurement, launch, and refurbishment schedules 
are shown in table 28. If more Tooling, AGE or facilities are required 
during the operational phase than were necessary during development, these 
additions are priced incrementally as needed and reported as recurring costs. 
Table 28 provides a detailed definition of the $1003 million estimated total 
cost. A cumulative total cost, including nonrecurring, is provided for the 
end of each operational year. Fiscal funding for the 11 -flight plan is shown 
in table 29. 
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TABLE 27 


NONRECURRING COSTS FOR RECOMMENDED PROGRAM 
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'OPERATIONAL SCHEDULE 1970 1971 1972 TOTALS 

DELIVERIES. ..ENTRY VEHICLES 231 A 


TABLE 28 

RECURRING COSTS FOR RECOMMENDED PROGRAM 
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ENVIRONMENTAL 



TABLE 28. --Concluded 

RECURRING COSTS FOR RECOMMENDED PROGRAM 




o 
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159 DISPLAY PANEL 5850 

ISO _ .ADAPTER STRUCTURE 14670 09 

.161 ADAPTER ENVIRONMENTAL 0 


TABLE 29 


FISCAL FUNDING REQUIREMENTS: 11 -FLIGHT PROGRAM 



1968 

1969 

1970 

1971 

1972 

Nonrecurring 

98 x 10 6 

326 x 10 6 

46 x 10 6 



Recurring 


49 

168 

197 x 10 6 

119 x 10 6 

Total 

98 

375 

214 

197 

119 


Note that the fiscal funding rates lead the yearly rates, as shown by table 28. 
This lead accounts for work in process while the latter tables show cost ac- 
cumulated by requirement. For example, if launch vehicles cost $20 million 
each, and two were launched in year 1970, then the printout would show 
$40 million for launch vehicles in year 1970; fiscal funding would require a 
goodly portion of this money in the prior year where it was actually spent or 
was in process of being spent. The fiscal funding detailed for nonrecurring 
is typical of a budget plan and correlates with the top line of table 27. 


C. NOMINAL PROGRAM COSTS 


The nominal research program costs estimated were for a 7-flight pro- 
gram, as required by Paragraph 4.2. 7 of the Statement of Work dated 
September 15, 1965 on "Study of the Influence of Size of a Manned Lifting 
Body Entry Vehicle on Research Potential and Project Cost. " The program 
consists of two unmanned and five manned flights. The annual procurement, 
launch and refurbishment schedules are shown in table 27. The 7-flight pro- 
gram total cost is estimated to be $853 million. Table 30 provides a detailed 
definition of this cost. 

The following comparison demonstrates the increased cost effectiveness 
obtained with the more costly recommended program. 

11 flight 7 flight 


Experiments assigned 

50 

44 

Value produced 

2954 

2257 

Cost /effectiveness 
(million dollars) 

3. 0 

2. 7 

Cost (million dollars /unit value) 

1003 

853 
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RECURRING COSTS FOR NOMINAL PROGRAM 


O ;-*■ <0/0 O' 4 4 
1 0 »!c 0 mo CM, 
in o»liA » in 
* 4) f* f"'tn N. 
4 (0 *0 CO, ® cm| 
« co co ®i t >o! 

i |r- f~\ 


■h 4 to *0 ® 

4 4 ! o| *0 (ft[ 
•HI do! 0 
® co 1 r*- co o* r~| 
® (Ml ® CM r~ cm| 
(M r-ioo oi 


CM 1 




.M O. 
<t» (M 1 

: <0 4! 


a 3 . 

o o 

J:Q! Ill 
<|Q- Z 


- £T. UJ 
J; cr 3 
J O <0 


O O O V! 
Ill • *J UJ ll 
— (ft (ft (ft e 1 


ll — UJ o UJ UJ 

05 U O' JO*-^ 

>- Z I- 00 — ► 

a a 3 4 z — — * 

uj iii id 1 - o x; m 

h 1 - >' a uuij z:; 
a a uj uj > 1 - 4 * 
< < ^ u ? ►— 1 — *■ 

0 0(000 T — — • 
4 4 4 4 — O' — • « — •- 
(ft ? 
eft 3! 

— <i 

5 -I 


-,Z 
» 1 — ! — 
<K 


® o p o p o 


® ift 

kft o 

[<M O 
(ft CM 


4 O' I 
co ift 
to O' 1 


«*» ift 

^ 4- i4 
I— «» 

r~ 4 1*0 

KO O kft 


ftj '-4 
4 O 
!•-« O 
CO ift 

>0 o 
4 <M 


'(O O 

l»> CM 

-O m> 


o o 4 -o o co in 4 l« 


Z (ft 
O Z 
— O 


~£\ i: 

^2! Si 

; 3 * 

,u n — u 

< OU_ O L 
U. — 14 40 
- J-jtr u_ i 
1 <|o 3'C 

o _i;uj i 


4 o 
UJ z 
cr — 

4 a < 


c >-!(/) 
orj« 
» I ujI® 
* u >|a 
■iZ 0 0 
- 3 O U. 


Z O O UJ 

O z o 
O 3 4 Z 


— Z Z 4 


— • cc t— 


o a 

a < 

o o 3 aria w u J J) i- 


< 0 
o u* z 

Z (T - 

— 14 a ; < 
or, — t 
D'H u r 
h h t/> :« 

U- U U 1 Ul; 

Wl< < J- >'l 

zla up —•1 

4iu 3[a »-l 

zlui zo a 
u <ar 4 
4 5:00 
a. 

*[(/> j 


o > 

z o 

3 O 

4 UJ 


ftl ® c 
4 'CM J" 4 
•-« ® O ,4 

® ICO O' (ft 


z UJ 
O Z 
— -O 


Z O 1 — (ft »- 

■ ■ ariz ® 

zluoui 
lO; z'o 
' U 3 4 Z 

1 I 4 0C;4 


0 !<m ® ■o o o o 

CM ; 0 * O <0 
— ."ft M> (O 
c-«|4 4® 

O*;^ 4 ft 

1 ft lo ift <n 1 

®;<ft 4 

« <M 


» 0 0 O O olo O O OiO o 


> ® *0 0 f~- 

3 4 CO CM 4 

- .4 ® j*M 4 

J )r-» CO 1(0 (ft 

- en ojift 4 

J CM 4 IO (ft 

- CJ* CM '*—4 CM 


4 0 ® 
:<J* 4:4 ift 
ft CM CM 4 


CM ,*0 ® O 4 1 *0 P" CD ft 
r*l o o co co H ri r -4 4 
® O' O O eft 4 -H v£> «j 

o Mir- o ct* o*;r- h:® <o| 
o o r- 4ir~ 4 'i** o 'ft ®! 

(ft CO 4 CM, a) 4 lift <M CO CM' 
— o cm m h cm| a* «o; 
co co CM, 


O (ft ift ift 

O' I— O' <0 

r~- o!«-j O' 

<0 4 hh 


O 4|f^ O'; CM CM I 
4 ® M) CD I CM 1 
O' CM I in CM O' 41 
4* 0*1 O' (ft; ® CM 
O COlO* Ml (ft w 
<0 cot «-* ; o *n 


1 O :0 O tO O 


p O 'CM (O C 

lo* O' 
t- (ft 
H 4 


I O u o o o 


CM (ft'o O a) C 
■o ift :0 c 

o* coj ir- • 


p rM O O a) 4 O 4iOrC4HOmmoinmO 
0 ®l^®r ^®®40 o* r- O ]4 ® 
co p* [co r- (ft o» O hcd 
h cn to r~~ o n o cm <0 
® MJ «ft IrtN, 4 KM 
fM O' 4 


lr -4 O O O r 


CM —* 

1 c r- 
CO 4 
4 O' 


'!o O O ®;4 . 


CM . 


CO r 


<0 


(ft O'® .H Ift O 

1(0 H M) ® o o 

O ® Ir-C O' 1-4 ® 

Ml 0 I 4 fM cO 
CM r-!o* CO CM 
l-t CM 4 


If^iftO CM iCl OO OO OiO OCMO® o 


o> h *-4 r- 


Z J- UJ UJ 
UJ z;or — ■ 
j UJI 3 x 

J- Oh 5 1- U1 

Z Z U UJ C .0 

uj — < or . 3 h~ 
5 z a 3 ]ck «rl 

Ul — U ujl- UJ! 
ei <'UJ O Us. 


til Z 

>12. 3 

-!z> 


>u o ® 5 yj «j! z •- 


r < o'] oc y- < ► 


T® o > 

MUZZ 

- or uj 


uj o> ; 

3 z • 

UJ — . 


) uj ift; 

' Z! 

DO|J 
ax — uj 
KAJWiZ 
* ui — ;< 

JO>>a 

u o: 

- i3,z a >- 
:!uj a.!< 
0 1 3 

a 3,0. 

UJ UJ eft 

5 a — 
uj v o 


1 3 • ® 

:< a 3 

it- ' 00 ! 
z 3 a uj; 
ujiUi c a zi 
a 5 u < 

3 Z — I- 31 
1- 0 tT — 3; 

U O' ME lul 

3 — w a u 
a > uj o ®' 
t— z 3 UJ — 

l/l 111 UJ Q I 

l>- < 

aia a a a 3 4 
uj uj uj uj tu[ai m 
t- t- J- »- I-.5 CL 
cl a a. a. cl!uj uj 
<<<<<) eft u 

a o a a o® u 

4 <t <i< 4 4 4 


J — O Z 

J ♦— 0 4 

t- Z 


O 4 Z 

a ® z — 

tflllJ O 4 

z a — 5 

4 4 it— 
a a — 3 , 

M Ift O O 

o o 


— eft 

eft 

'< o 

• e>|uj Z: 
uj z a — 

• — 4 a * 

pa. — ii 

3 1 — u. c 

J— <ft 

O UJ UJ 
! J 4 J- > 
|4 U. - 

z 3 a t- 
ozoa 

4 a 4 

!t- 5iQ o 


® t wo o o ® 

(ft (ft 

in r-~ 
o* o 


poiooioopooopo 


o > 

z o 

3 KJ 

4 UJ 


• (ft 4 I 
I z a eft 

UJ o UJ Z 

- ui— a (ft o 
: zm oz — 
I 4 4 o »- 
z a 0—4 
: ui uj z »- a 
) t— CL — 4 UI 

• z o a a a 

3 — — UJ o 

or < t- u. a 


•;cl J- 
130 a 
• a 4 
4 o u 


J CM CO 4 (ft] ® r~|® O' O — CM <0 4 U 


. _ M.CMC04tft®r-!wO* ; 0 — <MC04ift®f— ®0;0' 

si CMJ CM CM; CM CM cocOco COCOCO co co]coc 


• O Z O 3 
3 O U C 
■ Ui UJ U L 


> 3 t— U. U C 
• a 4 a 4 - 
: i~ UJ 3 UJ : 

r e/) x w) a c 


1 ®|5 
• la 


- 3 (ft « 

c o — »■ 

- UJ > ; 

r t 

J XU- 3 
OiO 
aui 


*^ 1 — ^ o Z 
ola z z uj 

— • 4 — 0 

— w r- n a 
i > Ul eft Z 

r z 3 z 4 

UJIUI — 3 I 

I 


14 4 4 414 4 4 




® r- ® oil. o. 


76 


ER 14471-6 


AD4°TSR ENVIROI 


TABLE 30, - -Concluded 


RECURRING COSTS FOR NOMINAL PROGRAM 
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D. SECONDARY OBJECTIVE COSTS 


Incremental program costs were estimated for one supercircular entry 
flight and one rendezvous and docking mission. These estimates assume, 
in each case, that the 11-flight program would be extended by one flight to 
accomplish the desired experiments. For the additional flight the entry 
vehicle from flight number eight would be refurbished and re-equipped. 

The significant inputs for the supercircular entry mission follow: 

(1) Removal of the aft crew station (seat, displays) 

(2) Installation of a thicker heat shield 

(3) Installation of instrumentation for radiative heating measurements 

(4) Refurbishment of all other subsystems 


(5) One complete launch- recovery operation 


(6) 

Weight, 

Tooling rate 
capability. 

Ground 

test 

Flight 

test 

Subsystem 

lb 

k g 

per yr 

quantity 

quantity 

Heat shield 

3160 

1433 

1 

1 . 1 

- 

Instrumentation 

300 

136 

1 

0. 5 

- 


The significant inputs for the rendezvous and docking mission follow: 

(1) Removal of aft bulkhead center panel and installation of tunnel 
assembly. 

(2) Refurbishment of all subsystems; relocation of the instant L/D 
motors, braking chute, rudder actuator and one antenna. 

(3) Tooling rate Ground Flight 

Weight, capability, test test 

Subsystem lb kg per yr quantity quantity 


Structure 


30 13.6 


1 3. 0 


The additional supercircular mission cost is estimated to be $45. 94 mil- 
lion. Detailed identification of the cost elements is given in table 31. The 
rendezvous and docking mission cost is estimated to be $33. 57 million, with 
details given in table 32, Each of these estimates is predicated upon extend- 
ing the program duration and maintaining the established launch rate. If the 
increased mission can be included within the initial span, the sustaining engi- 
neering and various maintenance costs could be eliminated and the manage- 
ment cost considerably reduced. However, these costs have been included 
since increasing the time span is believed to be a more realistic approach. 
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TABLE 31 
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